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LATE PRE-CAMBRIAN OR LOWER CAM- 
BRIAN FORMATIONS IN CENTRAL 
VIRGINIA 
ROBERT O. BLOOMER 


ABSTRACT. It is generally believed that there is a significant hiatus 
between the Catoctin formation and the Chilhowee series. The Catoctin 
and the concordantly underlying Lynchburg and Swift Run formations are 
defined as late pre-Cambrian and.the Chilhowee as Lower Cambrian. Al- 
though the age classification may be correct, there is evidence of a con- 
tinuous sequence from the base of the Lynchburg into the Chilhowee. This 
relationship may appear to be refuted where the Chilhowee rests with 
conspicuous unconformity upon a granitized complex definitely older than 
late pre-Cambrian. However, this unconformity is an inclined surface that 
cuts across formation boundaries. The Lynchburg and Catoctin overlap 
this surface from east to west. Consequently, the absence or restricted 
thickness of the Catoctin beneath the Chilhowee in certain sections is not 
due to an interval of erosion between the two formations, but to the loca- 
tion of the sections with respect to the margin of the overlap. 

In places, there appears to be a complete section between the Catoctin 
in the Blue Ridge and the Wissahickon in the Piedmont of central Vir- 
ginia. No continuous faults, including the Martic overthrust, have been 
identified despite a painstaking search. In other words, the Catoctin is not 
everywhere separated from the Wissahickon or the Lynchburg from the 
Wissahickon by faults. 

These relations indicate the presence of a vast thickness of metasedimen- 
tary rocks of predominantly terrigenous character interrupted by several 
thousand feet of greenstone southeast of the Blue Ridge. The metasedi- 
mentary rocks above the greenstone are in the Wissahickon formation and 
those below the greenstone are in the Lynchburg formation. The Wissa- 
hickon, therefore, is Paleozoic in age and at least partly equivalent to the 
Lower Cambrian Chilhowee group of the Appalachian geosyncline. The 
Blue Ridge is generally recognized as the southeastern margin of this 
geosyncline. If the Wissahickon is Paleozoic in age as here interpreted, the 
geosyncline is actually much more extensive and the complex northwest of 
the Blue Ridge is a foreland trough. 


INTRODUCTION 


URING all or part of the past ten summers, the writer 
has made a detailed study of the Blue Ridge province 
between James River and Rockfish Gap in central Virginia. 
Two quadrangles have been mapped on a scale of approxi- 
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mately one inch to the mile and other areas studied. The work 
has extended a short distance into the Valley and Ridge 
province to the northwest and into the Piedmont province to 
the southeast. 
Before the geology of the Blue Ridge and Piedmont prov- 
inces can be integrated with the better-known geology of the 
Valley and Ridge province, the stratigraphic relations of cer- 
tain formations must be established. One such formation is the 
Catoctin greenstone and another is the Lynchburg formation. 
Bloomer and Bloomer (1947) conclude that the Catoctin 
and the underlying Swift Run (Oronoco) are older than the 
Lower Cambrian Chilhowee group, but Cambrian in age. Stose 
and Stose (1949, pp. 298-299) and King (1949, pp. 636-638) 
have defined the Catoctin as older than the Chilhowee group, 
but late pre-Cambrian in age. Excepting the age, there seems 
to be more agreement than disagreement regarding the strati- 
graphic relations of the Catoctin formation. 
An effort is here made to interpret the relationship of the 
Catoctin to the overlying Chilhowee group and to the underly- 
ing Swift Run and Lynchburg formations. When the relations ’ 
| of these formations are firmly established the paleogeography 
may be better understood and the location of the boundary at 
the base of the Cambrian might be more successfully argued. 


TABLE! 
SEQUENCE OF FORMATIONS IN THE BLUE RIDGE REGION 
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LOWER CAMBRIAN FORMATION NAMES 


As shown by table 1, one set of names is used for the Cam- 
brian formations southwest of Roanoke and another for the 
Cambrian formations northeast of Roanoke (Butts, 1940, 
pp. 26-40). Inasmuch as there is little difference in lithology, 
stratigraphy, or thickness from southwest of Roanoke at least 
to Tye River Gap, 64 miles northeast of Roanoke (fig. 1), the 
present usage of two sets of names for the lower Cambrian 
formations seems somewhat arbitrary. Indeed, it is confusing. 
In central Virginia, for example, the Weverton formation is 
represented by a coarse-grained quartzose facies that forms 
lenticular bodies, from about 3 inches to 25 feet thick and a 
few hundred feet long, at irregular intervals in an arkosic 
sandstone facies that resembles typical Loudoun. The Wever- 


GENERALIZED MAP OF THE BLUE RIDGE REGION 
OF NORTHERN AND CENTRAL VIRGINIA 
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ton, consequently, is not a well-defined lithologic unit differ- 
entiable as a formation in central Virginia unless all the rocks 
above the graywacke conglomerates and volcanics at the base 
of the Chilhowee are Weverton. If this is true, the Loudoun is 
only about 100 feet or less thick. Furthermore, the quartzose 
pebble conglomerates characteristic of the Weverton are con- 
tained in the basal graywacke conglomerate. Keith (1894, p. 
326) refers to places at the north and south ends of Catoctin 
mountain in northern Virginia where the Weverton is underlain 
by only a few feet of Loudoun. Although this restriction in the 
thickness of the Loudoun may be due to overlap or erosion, 
neither of these explanations seems plausible. The total thick- 
ness of the formations appears to be comparatively unchanged 
so that the presumption is that the Weverton is extended 
downward at the expense of the Loudoun. Consequently, there 
seems to be some question of the status of the Weverton even 
in northern Virginia. Is the Weverton a well-defined, mappable 
formation or a facies of variable stratigraphic range? 

In central Virginia, if the northeastern set of names is used, 
the Weverton has to be omitted. This might imply an uncon 
formity, whereas, in fact, the absence of the formation is due 
to facies gradation. 

The names Loudoun, Weverton, Harpers, and Antietam were 
assigned before the names Unicoi, Hampton, and Erwin. The 
Unicoi is approximately equivalent to the combined Loudoun 
and Weverton (King, 1949, pp. 522-523). Where the Wever 
ton is not differentiated, Unicoi should be the preferred name 
for the formation. Thus, the Unicoi is identified at least as 
far as Tye River Gap, 64 miles northeast of Roanoke. North 
east from Tye River Gap for 25 miles or more there are several 
overthrust faults in Chilhowee rocks (fig. 2). These rocks are 
mylonitized and the stratigraphic section is fragmentary so 
that the formations are incomplete and hardly differentiable. 
It has not been possible in this portion of the Blue Ridge to 
trace the Unicoi northeastward into well-defined Loudoun and 
Weverton. 

The Hampton formation is similar in lithology, thickness, 
and stratigraphy to the Harpers formation. These formations 
appear to be equivalent and the dual classification seems un- 
necessary. The name Harpers is older than the name Hamp- 
ton and should have precedence. Similarly, the earlier-named 


| 

| 

| 

| 

4 

| 

id 


paziyiuos9=6 

UNM 
Ou} 

SOW Z ul Suaqwew AsDjuawipes=s 

=9 


SNOILVWYO4 


757 


irginia 


DOM MA 


Central V 


ions in 


VINISYIA IVYLN39 NI 
3A071 JO dVW 91901039 


Lower Cambrian Format 


N 
o 
) 
| 
aa q 
Ne 
\ 
4 
a | 
* 
~ 
Ne \\x 
| 4 
| 
j 
| 
j 
| 4 
| @ o° 
| 
\ 
o 
| 


758 Robert O. Bloomer—-Late Pre-Cambrian or 


Antietam is equivalent to the Erwin and should have precedence. 


The Shady and Rome formations, on the other hand, were 
named before their northeastern equivalents, the Tomstown 
and Waynesboro. 

On the basis of priority of names, approximate equivalence, 
and lithology, the sequence of formations in the Lower Cam- 
brian of the Blue Ridge at least as far northeast as Tye River 
Gap should be 

Rome 

Shady 


Antietam 


Harpers Chilhowee group 


Unicoi 


This usage of names is contrary to convention. On the other 
hand, the Roanoke boundary seems to be arbitrary and unrec- 
ognizable in the stratigraphy. Perhaps the use of certain names 
from two well-established sets is objectionable. For this reason, 
the names Unicoi, Hampton, and Erwin, contrary to rule, have 
been used in central Virginia (Bloomer and Bloomer, 1947, pp. 
96-97, 103-106). 


GRANITIZED COMPLEX 


The stratified rocks of the Blue Ridge and northwest margin , 
of the Piedmont provinces unconformably overlie a complex of 
gneisses and granitoid rocks. This complex, in central Virginia, 
is 10 to 20 miles wide between the Lynchburg gneiss on the 
southeast and the Swift Run (Oronoco), Catoctin, or Unicoi 
formations on the northwest. It consists of three widespread 
facies including the Lovingston gneiss, Marshall granite, and 
hypersthene granodiorite delineated on the Geologic Map of 
Virginia (Virginia Geol. Survey, 1928). The Lovingston gneiss 
comprises about two-thirds of the complex. It forms an irregu 
lar, elongate mass about 12 miles wide at Rockfish River 
and 150 miles long from Roanoke River on the southwest to 
Thornton River on the northeast (fig.1). Marshall granite 
forms an irregular mass about 2 to 5 miles wide along the 


northwestern margin of the Lovingston. Hypersthene granodi- 
orite forms a mass as much as 8 miles wide northwest of the 
Marshall. The granodiorite is unconformly overlain by the 
Swift Run (Oronoco), Catoctin, or Unicoi formation in the 
Blue Ridge. Numerous comparatively small bodies of granodi- 
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orite are included within the Lovingston gneiss. Marshall gran- 
ite underlies low hilly country between the Blue Ridge and a 
belt of outlying, intricately dissected ridges formed from the 
Lovingston. 

The hypersthene granodiorite is a medium- to coarse-grained, 
locally porphyritic, granitoid rock. The rock is predominantly 
massive, but a relic foliation formed by chlorite appears in 
places. There is insufficient concentration of the micaceous 
mineral to produce well-defined folia. Potash feldspar, plagio- 
clase, blue and smoky quartz, and chlorite are the most per- 
sistent essential and varietal constituents. Hypersthene occurs 
in place of chlorite or more abundantly in scattered masses 
enclosed within the chlorite facies. It does not characterize the 
whole mass. 

Marshall granite is a migmatitic-looking gray rock com- 
posed of fine- to medium-grained bands of chloritized biotite 
gneiss and leucocratic granite. The granite bands are gener- 
ally only a few millimeters wide, but frequently occur in lenses 
several feet wide. Quartz veins are numerous. 7 — 


} 

Lovingston gneiss consists of a medium-grained, dark-gray, 4 
porphyroblastic gneiss and granite. It contains potash feldspar, 
plagioclase, blue and smoky quartz, and biotite. In the gneiss, 
feldspar with more or less included quartz forms augen-like 
and irregular masses up to an inch or more in diameter. Biotite 
in the Lovingston granite occurs in clusters about equal in 

size and quantity to the felsic portion of the rock. Smal! lenses ; 

and oval masses of leucocratic granite like that in the Marshall j 

occur all through the Lovingston. : 

A study of the petrology of the granitized complex now in 

progress has led to the conclusion that the Lovingston, Mar 

shall, and hypersthene granodiorite are intergradational and : 

represent stages of granitization. The parent rock is a meta- 


sedimentary biotite gneiss and schist. This rock is “early” pre- 


Cambrian in age. 

Numerous pebbles and some cobbles of rock from the grani- 
tized complex form conglomerates at the base of the Lynch- 
burg as well as in the Swift Run (Oronoco), Catoctin, and 
Unicoi formations. 


RELATIVE AGES IN THE GRANITIZED COMPLEX 
The age of metamorphic rocks customarily depends upon 


the age of the unmetamorphosed equivalents and not upon the 
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age of the metamorphism. The age of magmatic rocks depends 
upon the age of emplacement or crystallization. Rocks formed 
by replacement are metamorphic and the age should depend 
upon the age of the unmetamorphosed parent rock. Some geol- 
ogists now believe that all granitic rocks are formed by a 
process that is metamorphic in character (Perrin and Rou- 
bault, 1949). If granitic rocks are found to be formed by re- 
placement, age relations established on the basis of a magmatic 
origin in the complexes that contain them need revision. In 
general, the age-relations problem is simplified. The Lovingston, 
Marshal!, and hypersthene granodiorite are, for example, facies 
of equivalent age formed from a pre-Cambrian sedimentary 
complex. The sedimentary rocks were metamorphosed to gneiss 
and schist. Granitization may have developed during a second 
stage of metamorphism or it may be an end-product of more 
or less continuous metamorphism. If the schist and gneiss, on 
the one hand, and the granitized rocks, on the other, are the 
results of the same interval of metamorphism, they represent 
different grades or facies with the original sediment at one 
extreme and granite at the other. 

Skialiths (inclusions) of the metasediment occur in bands 
from a few feet to almost a mile long and from a few inches to 
more than 100 feet wide in the granitized complex. These en- 
claves all have foliation parallel to the foliation of the host 
rock. Some of them are very similar in appearance to the 
Lynchburg gneiss, but almost all of them are to some extent 
granitized. 


LYNCHBURG 


GNEISS 


The Lynchburg gneiss was named by Jonas (1927, pp. 844- 
845) from exposures at Lynchburg in central Virginia. It is 
exposed in a belt (Geologic Map of Virginia, 1928) that ex- 
tends from northern Virginia into North Carolina along the 
northwestern margin of the Piedmont province. Southwest of 
Lynchburg, where the granitized complex disappears, the 
Lynchburg formation has an outcrop width of almost 20 miles. 


Plate 1 
Figure 1. Rockfish conglomerate at the base of the Lynchburg forma- 
tion near Rockfish, Virginia. 


Figure 2. Cross-bedding in the Lynchburg formation near Rockfish, 
Virginia 


Figure 3. Phyllite in the Lynchburg formation. 
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Northeast of Lynchburg the outcrop belt is only about 5 
miles or less wide. 

From Rockfish River northeastward, the Lynchburg is bor- 
dered on the southeast by the Catoctin and on the northwest 
by the Lovingston gneiss of the granitized complex. In its 
northeastern extension, the Lynchburg is shown on the Geologic 
Map of Virginia interfingering with the Loudoun formation. 

Lithology.—The Lynchburg in central Virginia consists of 
well-sorted, stratified, and interbedded conglomerates, sand 
stones, and siltstones that have undergone varying degrees of 
metamorphism (plate 1, fig. 1). In the vicinity of Rockfish, 
on Rockfish River, the base of the formation is characterized 
by a boulder conglomerate. This conglomerate, named Rock- 
fish conglomerate by Nelson (1932), consists of about 1000 
feet of boulders, cobbles, and large pebbles contained in a matrix 
of metamorphosed coarse-grained, arkosic sandstone (plate 1, 
fig. 2). This conglomerate grades upwards into the main mass 
of the Lynchburg with a gradual decrease in the size of the 
phenoclasts. Downward, the conglomerate grades into the 
granitized complex through from 10 to 100 or more feet of 
ancient regolith. This former regolith can be distinguished 
with difficulty from the underlying granitic rock by the ap- 
pearance of some vestige of stratification, rounded phenoclasts, 
a change in the lithologic structure, or a change in mineral 
proportions. Phenoclasts gradually increase in number and 
size and stratification becomes more pronounced upwards 
through the ancient regolith into the conglomerate. The lithic 
and mineral phenoclasts were derived from the underlying 
granitized complex. The lithic phenoclasts have precisely the 
same petrography as certain facies in the granitized compler 
They are granitic in character. None of the gneissose or schis 
tose facies of the granitized complex occur for certain in the 
conglomerate. These facies are decomposed by weathering and 
are not represented by fragments in the present weathered 
mantle over the granitized complex. The granitic facies, on the 
other hand, is abundantly represented in the float. In fact, the 


Plate 2 
Figure 1. Graywacke conglomerate in a sedimentary member in the 
Catoctin formation in central] Virginia. 


Figure 2. Sedimentary member in the Catoctin formation at Rockfish 
Gap in central Virginia. 
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profusion of granitoid float is misleading. It might easily give 
an entirely erroneous impression of the character of the bed 
rock which is predominantly gneissic beneath a mantle of pre- 
dominantly granite boulders in a clay matrix. The gneissose 
rock weathers to clay with more or less sand depending upon 
the quartz content of the bedrock. 

Northeast and southwest of Rockfish River, along the strike, 
the basal boulder conglomerate disappears at the end of a mile 
or two except for lenticular bodies seen from place to place. 
Where the Rockfish conglomerate is well represented in the 
section, there is, in the adjacent granitized complex, the most 
extensive development of granitic rock. Such a relationship is 
due to the resistance of the granitic facies to weathering com- 
pared to the micaceous facies. 

The Rockfish in the type locality resembles a fanglomerate. 
The relief, however, was not great at the place and time of 
deposition. Otherwise the comparatively thick residual regolith 
at the base of the conglomerate could not have accumulated. 
The phenoclasts, furthermore, probably owe most of their 
sphericity to spheroidal weathering and not to corrasion. 

Above the Rockfish conglomerate, the Lynchburg consists 
of thick-bedded, arkosic, pebble conglomerate and gravelly 
sandstone interbedded with thin-bedded, fine-grained, arkosic 
sandstone and siltstone. The conglomeratic beds range from 
less than a foot to as much as 25 feet thick. They are more 
numerous and thicker toward the bottom of the formation than 
toward the top. Pebbles are very well-rounded quartz of nearly 
uniform size in a given bed, but somewhat variable from bed to 
bed. They range from about 1 mm. to 15 mm. in size. The 
matrix of the conglomerate, before metamorphism, was a sandy 
to silty aggregate of quartz, clay, sericite, potash feldspar, 
and plagioclase. 

The thin-bedded, fine-grained sandstone and siltstone layers, 
intercalated with the pebble beds, range from a few inches to 
a hundred or more feet thick (plate 1, fig. 3). The finer- 
grained facies consisted of quartz and sericite with only minor 
amounts of feldspar before metamorphism. Microscopic grains 
of biotite are concentrated in streaks and bands. Some of the 
black banded metasiltstone contains graphite (Stose and 
Stose, 1949, p. 310). 

The Lynchburg is predominantly in the biotite stage of 
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metamorphism. In the Rockfish conglomerate, especially, but 
also somewhat higher in the formation, granoblasts of potash 
feldspar and quartz are conspicuous. These granoblasts are 
formed from detrital minerals and not from introduced solu- 
tions. They are believed to be a product of the regional or 
dynamothermal metamorphism. 

The Rockfish conglomerate is a quartz, potash-feldspar, 
oligoclase gneiss. The folia inclose large phenoclasts which have 
been only slightly deformed by metamorphism. Potash feld- 
spar porphyroblasts are abundant. Some are ovoid in shape 
with the long axis parallel to the foliation. Many porphyro- 
blasts are very irregular in shape and have boundaries that 
cut across the folia. 

Above the conglomeratic gneiss at the base, the Lynchburg 
consists of interbedded biotite and sericite phyllite, fine 
grained schists, and medium-grained biotite gneiss. 

In places, there are beds in the Lynchburg that are only 
inconspicuously metamorphosed. These beds are sandstones 
composed of more or less well-rounded quartz grains. 

No limestone or dolomite or their metamorphic equivalents 
have been found in the Lynchburg in central Virginia. 

Thickness.—The bedding and foliation throughout the 
Lynchburg are approximately parallel. A persistent south- 
east dip ranges between about 70° and 90°. The formation is 
some 4.5 miles wide across the outcrop in the Rockfish River 
section and appears to be about 20,000 to 22,000 feet thick. 
No conspicuous isoclinal folding is recognized. The massive 
pebbly and gravelly beds are not flexed so that they can be 
traced around the troughs or crests of isoclines or other folds. 
However, the intervening phyllites have folia parallel to the 
contact with the massive beds, but very much contorted bed- 
ding. The massive beds are not continuous, but terminate 
abruptly or by gradual thinning and gradation into the 
phyllites. Where the massive beds are abruptly terminated they 
may have been broken by flexure, but the tapered and some- 
times bifurcated terminations were formed by facies gradation. 
The massive beds, consequently, are contained as lenses or 
large tabular masses in the siltstone and argillaceous sand- 
stone now represented by phyllite and schist. When the Lynch 
burg was folded, the fine-grained rock probably “flowed” 
around the lenses of massive rock which rotated until they 
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were oriented normal to the regional stress. Where a massive 
lens lay across the axial plane of a developing fold, it broke 
to form huge boudinage-like masses that eventually occupied 
the limbs of the finished fold. The fine-grained, relatively in- 
competent rock was thinned by flowage between the massive 
lenses and thickened in the crest and trough zones. 

Through some such process the Lynchburg might be actually 
isoclinally folded without the structure being readily appar- 
ent. Its thickness may then be very much less than 20,000 feet. 

Stratigraphic relations.—The Lynchburg formation north- 
east of Lynchburg, Virginia, unconformably overlies the grani- 
tized complex and concordantly underlies the Catoctin green- 
stone. The lava from which the greenstone was formed was 
evidently extruded upon the nearly horizontal surface of the 
Lynchburg sediments before they were subjected to orogenic 
deformation and metamorphism. East of Lynchburg, Virginia, 
the Catoctin disappears and the Lynchburg is in contact with 
the Wissahickon formation. On the Geologic Map of Virginia 
(Virginia Geol. Survey, 1928), this contact is delineated as a 
fault. Northeast of Lynchburg, this fault is drawn between the 
Catoctin and Wissahickon. Jonas (1929, pp. 507-509) believes 
that the fault is indicated by a belt of diaphthorite. In central 
Virginia, the rocks designated as diaphthorite appear to be 
phyllites that have not undergone retrogressive metamorphism 
(diaphthoresis). A well-exposed section crossed by Rockfish 
River has been studied and found to contain beds of sandstone 
only about 5 mm. thick in the phyllites. Had these rocks been 
mylonitized and retrogressively metamorphosed, such delicate 
features as these layers of sandstone could not have survived. 

There may be faults from place to place near or along the 
southeastern contact of the Lynchburg, but they are probably 
of comparatively limited extent. In fact, in the foliated rocks 
of the Piedmont, the identification of faults, in general, is very 
difficult because of the similarity of the rocks and the sparsity 
of reference beds or formations. 

Perhaps thrust faults do not form in broad expanses of foli- 
ated rocks orogenically deformed only once. The displacement 
concentrated along a thrust fault. in comparatively massive, 
competent rocks might be dissipated over a wide zone in foliated 
rocks by comparatively infinitesimal movements along a suc- 
cession of folia. The foliated rocks, in other words, might be 
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the root zone of thrust faults. Such a relationship is indicated 
along some thrust faults in the Blue Ridge. Here well-defined 
faults can be traced into zones of mylonitization which in turn 
grade into regionally foliated rocks where the fault is lost. 

Until more convincing evidence of a fault contact between 
the Lynchburg or Catoctin and the Wissahickon is found, th: 
Lynchburg or Catoctin may be presumed to underlie the Wissa- 
hickon concordantly. An unconformity may be indicated by the 
disappearance of the Catoctin near Lynchburg. On the other 
hand, inasmuch as the Catoctin is an effusive, the flows may 
have, in places, interrupted sedimentation which was elsewher: 
uninterrupted. This seems to account for the disappearance of 
the Catoctin more satisfactorily than erosion because there is 
no evidence of conglomerates composed of greenstone frag- 
ments in the critical zone. 

The relationship of the Lynchburg, as shown on the Geologic 
Map of Virginia (Virginia Geol. Survey, 1928), indicates two 
separate and distinct formations. In the vicinity of Rockfish 
River, the Lynchburg formation obviously unconformably 
overlies the granitized complex. West of Lynchburg, Virginia, 
and in the vicinity of Bedford, Virginia, the Lynchburg forma- 
tion, as shown on the Geologic Map of Virginia, grades into 
the Lovingston facies of the granitized complex. This grada- 
tion is expressed by a gradual increase in the size and number 
of feldspar and quartz porphyroblasts toward the Loving- 
ston. Throughout the Lovingston, enclaves of the meta- 
sediment are numerous. These relations indicate granitization 
(feldspathization). 

The same formation could not unconformably overlie a 
granite complex in one place and grade into it in another. The 
Lynchburg in the type locality and northeast of Lynchburg, 
Virginia, is younger than the “Lynchburg” west of Lynchburg. 
The two formations resemble each other, but the older forma- 
tion locally appears migmatitic. In this paper, the name Lynch- 
burg refers to the younger formation. No attempt will be made 
to describe or propose a name for the older formation. Its 
relationship to the Lynchburg and other formations and its 
petrography need to be studied more t/oroughly. 

Northeast of Lynchburg, the Lynchburg formation is shown 
more or less intercalated with the Loudoun formation on the 


Geologic Map of Virginia (Virginia Geol. Survey, 1928). This 
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map was made when it was thought that the Lynchburg is one 
of the oldest rocks in Virginia and the Loudoun is Lower Cam- 
brian in age (Jonas, 1927, pp. 844-845). It has been found 
that the Lynchburg and the associated so-called Loudoun in 
tercalations are undifferentiable. Presumably, some of the only 
slightly metamorphosed zones in the Lynchburg were identi- 
fied as a definitely distinct and ‘younger formation. All of the 
rocks between the Catoctin belt on the southeast and the gran- 
itized complex on the northwest are Lynchburg. They have been 
studied in some detail from northeast of Charlottesville to 
Lynchburg and reconnoitered into northern Virginia. The 
stratigraphy in Loudoun County, in northern Virginia, appears 
to be somewhat confused. Keith (1894) mapped and named 
the formations in the Blue Ridge and Piedmont in Loudoun 
County. Evidently he chose an exposure near Aldie as the un- 
specified type section of the Loudoun in preference to som 
locality along the northwest side of the Blue Ridge. The forma 
tion in the “type” locality, however, seems to underlie the Catoc 
tin and is thus equivalent to the Lynchburg, whereas the “Lou- 
doun” along the northwest side of the Blue Ridge overlies the 
Catoctin. This presents something of a dilemma because the 
“Loudoun” along the northwest flanks of the Blue Ridge is 
younger than the “Loudoun” in the “type” locality. The 
formation at the base of the Chilhowee group in northern Vir- 
ginia, has long been established in the literature as the Loudoun. 
On the other hand, it appears that the Lynchburg and Loudoun 
in the respective type sections are approximately equivalent. 
According to rule, the name Lynchburg should be abandoned 
and replaced by the older name Loudoun. Another name would 
then have to be given to the basal formation in the Chilhowee 
group in northern Virginia. If the Weverton is a well-defined 
unit, the name Unicoi could not be properly extended to in- 
clude the problematical formation. However, if the Weverton 
is a facies of indefinite position, as in central Virginia, perhaps 
the name Unicoi would be appropriate. Although contrary to 
rule, the simplest solution might be to retain the name Loudoun 
as it is now used in northern Virginia, and apply the name 
Lynchburg to the formation beneath the Catoctin. 

Nowhere does the Lynchburg cover all of the granitized 
complex and form a continuous section into the Blue Ridge. 
It is exposed in the southeast limb of the Catoctin-Blue Ridge 
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anticlinorium (fig. 4). In the northwestern limb of this fold, 
in the Blue Ridge, the Catoctin is, in places, separated from 
the granitized complex by a sedimentary formation from 0 
to several hundred feet thick. This formation was named Oro- 
noco by Bloomer (1947, p. 95) and Swift Run by Stose and 
Stose (1946, pp. 18-19). 

In the granitized complex between the Oronoco-Swift Run 
belt on the northwest and the Lynchburg formation on the 
southeast, there are, in central Virginia, no known major faults 
that interrupt the continuity of the section. It is thus reason- 
ably certain that the Oronoco-Swift Run formation is the 
thinned western edge of the Lynchburg. This relationship is 
also indicated by the occurrence of Catoctin greenstone above 
the Lynchburg on the southwest and above the Oronoco-Swift 
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Run on the northwest. The Catoctin is presumed to be a once 
unbroken tabular body of lava flows now exposed in two belts 
in the opposite limbs of a large anticlinal fold. 

The Lynchburg, thus, overlaps the granitized complex from 
east to west and attains its full thickness in a vast basin of 
deposition east of the Blue Ridge. The basal conglomerate of 
the Lynchburg and sediments in the Oronoco-Swift Run and 
Catoctin formations derived from the granitized complex and 
the overlap relations clearly indicate the transportation of 
sediment from west to east. 


SWIFT RUN (ORONOCO) FORMATION 


Stose and Stose (1946, pp. 18-19) identified about 50 feet 
of arkosic sandstone, conglomerate, and tuff between the Catoc- 
tin and the granitized complex (granodiprite). They named 
this formation Swift Run for exposures near Swift Run Gap in 
Rockingham County near Elkton, Virginia. Bloomer and 
Bloomer (1947, p. 95) subsequently ad the name Oronoco 
for a similar formation between the Catoctin and the gran- 
itized complex, in Amherst County near Oronoco Post Office. 
Stose and Stose (1949, p. 311), in a later paper, claim that 
the Oronoco is the same as the Swift Run They state that the 
formation can be traced from Swift Run Gap to Oronoco Post 
Office. It is probable that the name Oronoco is not valid and 
that it should be replaced by the name Swift Run or Lynch- 
burg. However, about a mile northeast of Oronoco Post Office, 
the Oronoco disappears by overlap from beneath the Catoctin. 
This particular mass of Catoctin and the underlying Oronoco- 
Swift Run are isolated by thrust faults (fig. 3). No Catoctin 
or Oronoco-Swift Run is known southwest of James River, a 
few miles southwest of Oronoco Post Office. Northeast of 
Oronoco, the Catoctin is not exposed in the section for about 
15 miles. The southwestern end of a belt of Catoctin that ex- 
tends along the Blue Ridge into Maryland is located near Tye 
River Gap. In places, the Catoctin in this belt is underlain by 
a sedimentary formation and in places it rests directly upon 
the granitized complex. Also the base of the Catoctin is over- 
thrust, from place to place, by the granitized complex. Some 
of these fault contacts are several miles long. One is easily ac- 
cessible on the Chesapeake and Ohio Railway at Afton, Vir- 
ginia. Faults and overlap, consequently, prevent tracing the 
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Oronoco into the type section of the Swift Run, about 70 
miles to the northeast. There are, furthermore, in the Catoctin 
a number of sedimentary members from a few to nearly 1,000 
feet thick. Most of these sedimentary members are composed of 
rocks very similar to those in the Oronoco or Swift Run. Be- 
cause the Catoctin evidently overlaps the granitized complex 
from east to west, any one of a succession of sedimentary mem- 
bers might from place to place underlie the greenstone. 

Furcron (1939, pp. 37-41) identified an undisclosed thick- 
ness of metasedimentary rocks beneath the Catoctin in Fau- 
quier County in northern Virginia which he named the Fau- 
quier formation. He believes the Fauquier may be equivalent 
to the Lynchburg. 

In the Rockfish River section of the Blue Ridge, the sedimen- 
tary formation between the Catoctin and granitized complex 
is probably the thin margin of the Lynchburg overlap. The 
Oronoco and Swift Run are, consequently, equivalent to some 
part of the Lynchburg or Catoctin depending upon the gradi- 
ent of the pre-Lynchburg erosion surface and the distance up 
this slope (fig. 5). The Lynchburg was named before any of 
the formations in question except the Catoctin. However, be- 
cause they are only locally and partly equivalent and the 
lithology is very noticeably different, perhaps the extension of 
the name Lynchburg to include the rocks now differentiated 
as Swift Run or Oronoco would be incorrect. Furthermore, 
the name Oronoco should be abandoned in favor of Swift Run 
with the understanding that the vertical position thickness and 
lithology of the formation may vary from place to place. Rela 
tive to the granitized complex, the Swift Run occupies about 
the same position as the Rockfish conglomerate, an earlier- 
named unit. Some geologists, consequently, may favor the name 
Rockfish in place of the name Swift Run. The Rockfish is over- 
lain by the Lynchburg of which it is a facies, whereas the 
Swift Run is overlain by the Catoctin. It thus may be prefer- 
able to restrict the Rockfish to the Piedmont and retain the 
name Swift Run. 

Lithology.—The Swift Run in central Virginia consists of 
from 0 to more than 400 feet of graywacke and arkosic con- 
glomerate and sandstone, tuff, and thin greenstone and ande- 
sitic effusives of limited extent. One of.the best sections is ex- 
posed along U. S. Route 60 east of Oronoco Post Office (fig. 
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3). About one mile southwest of this section, an andesite of 
voleanic origin is present near the middle of the Swift Run. 
Other good but comparatively inaccessible sections are lo- 
cated near the head of Rockfish River in Nelson County. 

The lithology of the Swift Run varies from place to place. 
It grades downward into the underlying granitized complex 
through 10 to more than 50 feet of ancient regolith. In steep 
or overturned limbs of folds, the ancient regolith is repre- 
sented by sericitic phyllite. Where dips are gentle there is 
little metamorphism. 

The ancient regolith grades upwards into a conglomerate 
composed locally of boulders and cobbles and extensively of 
pebbles of granite, quartz, and feldspar in a micaceous matrix. 
This conglomerate grades upwards into a coarse- to medium- 
grained, greenish-gray graywacke. In a few sections, near the 
top, the Swift Run contains a 20-foot bed of cross-bedded 
sandstone composed of clear quartz grains with a matrix of 
introduced epidote. The quartz grains are uniform in size, well 
rounded, and frosted. 

From east to west, the Swift Run converges until it disap- 
pears from beneath the Catoctin greenstone. The regolith ex- 
tends to the margin of the overlap and beyond, but is not every- 
where recognized between the Catoctin and granitized complex. 
In other words, the Catoctin, in a few places, appears to rest 
upon comparatively undecomposed and undisintegrated granite. 

Localized greenstone flows in the Swift Run, not more than 
about 20 feet thick, are petrographically indistinguishable 
from the Catoctin greenstone and greenstone flows in the lower 
part of the Unicoi. Near Oronoco, the flow in the Swift Run 
has not been altered to greenstone and its original petrographic 
character is easily discernible. It is an ophitic andesite com- 
posed essentially of andesine and minor amounts of biotite, 
quartz, and potash feldspar. 


CATOCTIN FORMATION 


The Catoctin was named by Geiger and Keith (1891, plate 
IV) from exposures in Catoctin Mountain near the north- 
eastern end of the Blue Ridge province. It is exposed in two 
parallel belts that extend into central Virginia. One belt caps 
the main mass of the Blue Ridge and the other belt occurs in 
an alignment of ridges about 20 miles to the southeast. In cen- 
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tral Virginia, the northwestern belt of the Catoctin is thrust 
upon the Chilhowee group, but farther northeast it underlies 
the Loudoun. In some places, the Catoctin in the northwestern 
belt overlies the Swift Run or granitized complex. Elsewhere, 
the granitized complex has been thrust upon the Catoctin and 
the base is unexposed. The southeastern belt, southeast of the 
Blue Ridge, is part of the southeastern limb of the Catoctin 
Mountain-Blue Ridge anticlinorium. Therefore, the Catoctin 
in central Virginia is exposed in both limbs of a major anti- 
clinal fold. This fold has been truncated by erosion to a depth 
equivalent, at least, to the combined thickness of the Catoctin 
and Lynchburg formations. Along the northwestern limb of 
this fold near the Catoctin belt there are a few outliers of the 
Catoctin underlain by Swift Run. No other outliers of the 
Catoctin or underlying metasedimentary rocks are known with 
the possible exception of slate in a body about one-half mile 
wide and 6 miles long at Mechum River midway between Rock- 
fish Gap and Charlottesville. This body is located near the axial 
zone of the Catoctin Mountain-Blue Ridge anticlinorium. 
Little is known of this slate. It is metasedimentary and may 
be a down-faulted mass equivalent to some part of the 
Lynchburg. 

Lithology.—The Catoctin formation consists of about 5000 
feet of greenstone with widely separated, discontinuous sedi- 
mentary members. These sedimentary members range from a 
few inches to as much as 750 feet thick (plate 2). Owing to 
secondary alteration, it is difficult to ascertain the original 
composition of the greenstone. Although no unaltered speci- 
mens have been found, some are more altered than others. The 
primary texture is clearly ophitic and fine-grained with scanty 
phenocrysts. Amygdules, veins, pods, and small irregular 
masses of milky quartz; milky quartz and epidote; or milky 
quartz, epidote, and potash feldspar occur irregularly through- 
out the formation. In the northwestern belt, the Catoctin is 
massive except locally along some faults. The Catoctin in the 
southeastern belt (in the Piedmont), on the other hand, is a 
green schist or phyllite. 

Andesine, as remnants and “ghosts”, is the only certainly 
identified primary mineral. It comprises at least 50 per cent 
of the primary composition. 


The interstices among laths of feldspar are occupied by ag- 
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gregates of secondary minerals in which tiny remnants of bio- 
tite and a pyroxene (augite?) have been noted. These min- 
erals are presumably relics of the primary mafic minerals. In 
only a few among many specimens studied, small grains of 
quartz and potash feldspar have been identified. Some of these 
grains may be primary. 

Secondary minerals obscure or obliterate the primary min- 
erals and primary texture of the greenstone. These secondary 
minerals include an abundance of epidote and chlorite and 
variable amounts of sericite, tremolite, actinolite, clinozoisite, 
quartz, potash feldspar, hematite, ilmenite, and leucoxene. 

The primary composition of the Catoctin is so obscured by 
secondary minerals that classification is difficult. Keith (1894, 
pp. 302-309) recognized altered basalts, andesites, and rhy- 
olites in northern Virginia. More recent writers generally refer 
to the greenstone as a metabasalt. In central Virginia, indirect 
evidence seems to indicate andesite (Bloomer and Bloomer, 
1947, pp. 99-100). 

No rhyolite has been found in central Virginia. Layers of 
red slate in the greenstone and in sedimentary members of the 
greenstone resemble rhyolite, but are probably metamorphosed 
tuffs. 

The altered Catoctin is widely known as greenstone. The 
writer (Bloomer and Bloomer, 1947, p. 100) is responsible for 
classifying these effusives as propylite. He thought the term 
greenstone too generalized. However, there is probably no im- 
portant objection to the term “greenstone”. 

In some ways, the Catoctin resembles spilite. No pillow struc- 
ture, common in spilite, has been identified nor is it known for 
certain whether or not the Catoctin was extruded subaqueously. 
However, it does seem to be part of a geosyncline and its com- 
position approximates spilite. 

In the Love area (fig. 2) of the Blue Ridge, several sedi- 
mentary members have been mapped in the Catoctin. These 
members consist of from 0 to as much as 750 feet of graywacke 
pebble conglomerates and sandstones, epidotized quartz sand- 
stones, and thin beds of red tuff. The pebbles are predominantly 
quartz, but some are granite and feldspar. No greenstone or 
Lynchburg gneiss pebbles have been found. 

Locally the conglomerate consists of angular pebbles of 
feldspar and quartz.in a micaceous matrix and resembles 
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granite. A careful search or traverse along the strike reveals 
well-rounded and frosted pebbles, stratification, and facies 
gradation. 

Stratigraphic relations.—The Catoctin overlaps the Lynch- 
burg, Swift Run, and granitized complex from east to west 
(figs. 2, 3, 4, 5). In northern Virginia, the Catoctin is over- 
lain by the Chilhowee group. In central Virginia, it is thrust- 
faulted upon the Chilhowee group so that the stratigraphic re- 
lationship is unexposed and must be extrapolated. Near Tye 
River Gap, the Chilhowee group rests unconformably upon the 
granitized complex. Consequently, the Catoctin must disappear 
from beneath the Chilhowee. Although the disappearance may 
be attributed to erosion, the major cause is probably due to 
overlap or convergence. This conclusion is supported by several 


indirect lines of evidence as follows: i 
1. Conglomerates at the base of the Chilhowee group “4 
contain no pebbles of greenstone, but an abundance of gran- 


itic detritus. How could the sediments in the base of the Chil- 
howee have been transported from east to west more than 20 
miles across an eroded surface of Catoctin and be devoid of 
greenstone (figs. 4, 5)? Furthermore, where did the granite 


come from? These sediments must have moved from west to 
east and the Chilhowee must be part of a succession of over- 
lapping formations beginning at least with the Lynchburg. 

2. The Swift Run overlaps the granitized complex from 
east to west. The Catoctin is concordant with this formation 
and must similarly overlap it and somewhere disappear be- 
neath the Chilhowee. 

3. At Love (fig. 3) about 6 miles northeast of Tye River 
Gap, the Catoctin is separated from the granitized complex 
by the Swift Run. This locality is probably near the north- 
western margin of the Catoctin. About a mile northeast of 
this exposure there is a succession of several sedimentary 
members in the Catoctin. Unfortunately, in this locality the 
Catoctin lies between thrust faults. However, the proximity 
of the Swift Run and the sedimentary members may indicate 
the proximity of the northwestern margin of the Catoctin 


4 


overlap. The sedimentary members contain no greenstone 
detritus. Furthermore, their greater thickness and frequency 
here, compared to the middle and southeastern margin of the 
Catoctin belt, suggests they are broad fans that spread and 
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finally disappear from west to east over greenstone (figs. 4, 
5). Also, along the western margin of the greenstone, some 
or all of the sedimentary members may merge into the over- 
lapping Swift Run formation. These relations indicate 
overlap. 

4. At or within a few feet of the base of the Chilhowee, 
there are volcanic flows and tuffs (Furcron and Woodward, 
1936). These volcanic rocks are not more than 25 feet thick 
and the flows are absent in many sections. The flows are, in 
some places, only slightly altered, but in some places they 
are greenstones. The tuffs are represented by red slates. 
These greenstones and slates are petrographically similar to 
the greenstones and tuffaceous slates in the older Catoctin 
formation (plate 3). 

If the Catoctin overlaps the granitized complex from east 
to west, the voleanic rocks at the base of the Chilhowee may 
represent the thin, western margin of the overlap. In other 
words, the Chilhowee volcanics represent the last of a series 
of eruptions now largely represented by the Catoctin. 


CHILHOWEF GROUP 


Little need be said here about the Chilhowee group aside 
from a statement to remind the reader of certain relations. 
Although Resser (1933, pp. 743-746) proposed that the Chil- 
howee formations (Hampton and Unicoi) beneath the Erwin 
be considered pre-Cambrian (Beltian), but Paleozoic in age, 
most geologists agree that the whole group is Lower Cambrian 
in age. 

In northern Virginia, the Chilhowee rests upon Catoctin 
greenstone, but in central and southwestern Virginia, it rests 
upon the granitized complex. There can be no doubt of an un- 
conformity at the base of the Chilhowee. There is, however, a 
question regarding the magnitude, significance, and nature of 
this unconformity. Before this question can be satisfactorily 
answered, the attitude and relations of the Catoctin must be 
established. In the preceding pages, an attempt has been made 
todo this. The Catoctin seems to overlap successively the 
Lynchburg, Swift Run, and granitized complex from east to 
west. 

There is no conspicuous evidence of an angular unconformity 
between the Catoctin and the Chilhowee. Along the margin of 
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the overlap such an unconformity might seem to appear, but 
the angularity in such a case would be horizontal and not’ 
vertical. In other words, it would not indicate the orogenic 
deformation of the Catoctin prior to the deposition of the 
Chilhowee. Where the Chilhowee overlies the Catoctin it is 
difficult to prove or disprove an angular unconformity because 
of the absence of well-defined flow-boundaries in the greenstone. 
Sedimentary members in central Virginia clearly reflect the 
structural attitude of the greenstone. If such members occur 
in the Catoctin where it is overlain by the Chilhowee, the struc- 
tural relations can be ascertained. Unfortunately, in central 
Virginia where there are numerous sedimentary members, 
the Catoctin is thrust faulted upon the Chilhowee. On the other 
hand, in northern Virginia, where the Chilhowee overlies the 
Catoctin, sedimentary members seem to be scarce or absent or 
mistaken for other formations. 

The conglomerate rocks in the basal portion of the Chil- 
howee contain pebbles of quartz and granite, but appear to be 
devoid of greenstone or tuff pebbles. Rare fragments have been 
found that resemble these rocks, but microscopic examination 
reveals them to be fine-grained graywackes colored by chlorite, 
sericite and siltstones with a dense matrix of hematite. Not 
a single specimen of indisputable greenstone or tuff has been 
found in the conglomerates. 

If the Catoctin occurs extensively beneath the Chilhowee and 
the Chilhowee conglomerates were transported from east to 
west across several miles of Catoctin (figs. 4 5), why are the 
Chilhowee basal conglomerates almost, if not completely, de- 
void of greenstone fragments? Obviously the sediment must 
have come from the west and at least the basal portion of the 
Chilhowee must overlap the granitized complex from east to 
west. 

Such a relationship between the Catoctin and the basal Chil- 
howee suggests that these formations may not be separated 
by an unconformity that indicates a major difference in their 
ages. 

Another feature that seems to provide a basis for the corre- 
lation of these formations is the voleanic rocks in the base of 
the Chilhowee. Bloomer and Bloomer (1947, pp. 103-106) con- 
clude that these voleanics and those in the Catoctin are petro- 
graphically similar. Stose and Stose (1949, pp. 314-315) 
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somehow concluded that Bloomer and Bloomer mistook the 
Chilhowee voleanic rocks for Catoctin and the underlying 
Chilhowee sedimentary rocks for Swift Run. Bloomer and 
Bloomer not only recognize the volcanics in question as Chil- 
howee, but see in them a key to the relationship of the Catoctin 
and the Chilhowee. Stose and Stose (1949, p. 315) also state 
that the volcanics in the Chilhowee do not resemble those in 
the Catoctin and Swift Run. It is true that in places the 
effusive in the Chilhowee is a black, basaltic rock unlike any 
rock yet found in the Catoctin. This black, basaltic rock is 
petrographically very similar to the effusive near the middle of 
the Swift Run near Aronoco (fig. 3) in Amherst County. 
Furthermore, the Chilhowee effusive is a greenstone in places. ' 
This greenstone may be seen on the Blue Ridge Parkway at 
White Rock (fig. 2) overlook about 7 miles northeast of Tye R 
River Gap; on the north side of James River about one-half t 
mile downstream from the Snowden bridge where U. S. Route 
501 crosses James River; on Virginia Route 56 just west of 
Tye River Gap; and at other places. In hand specimens and 
thin sections, this Chilhowee greenstone is indistinguishable 
from Catoctin greenstone. Also, spectrochemical analyses (table 
2) of these greenstones reveal the same elements. The trace 
elements are presumably fortuitous and would hardly be dupli- 
cated in rocks of widely different ages from different sources. 

Above the basal conglomerate, the Chilhowee grades into 
marine deposits. In the middle and top of the group, there is 


TABLE 2 


Spectroonalyses of Greenstone ond Basolt 


Unicol greenstone in the Jomes River section 
2 Unicoi greenstone at White Rock overlook on the Blue Ridgeway. 
3. Catoctin greenstone northeast of Love, Virgina. 

4. Cotoctin greenstone in Green Mountain 

5 Amphibolite near Rockfish, Virgina 

6 Basalt in the Triassic of New Jersey 

7. Metobosait in the pre-Cambrian of Michigan 
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an abundance of siliceous sandstone (orthoquartzite) formed 
from pure quartz sand. The uppermost sandstone grades into 
Shady dolomite. These rocks are unquestionably parts of the 
Appalachian geosyncline in which the sediment came, at least 
in part, from the east. A reversal of the direction of the move- 
ment of sediment must have occurred sometime during the 
deposition of the Chiliowee. This raises problems that cannot 
be answered until more work is done. Presumably the landmass 
west of the Blue Ridge was peneplaned and flooded by the sea. 
The sediments deposited in this sea may have come from the 
basal Chilhowee, Catoctin, Swift Run, and Lynchburg forma- 
tions that were to some degree elevated to the east. This pre- 
supposes that deposition to the east terminated, which is by 
no means certain. In fact, while the validity of the Martic 
overthrust is in doubt, there is the possibility that the Wissa- 
hickon is a metasedimentary formation deposited upon the 
Catoctin and Lynchburg. Such a possibility not only indicates 
a continuation of sedimentation to the east, but requires that 
the Chilhowee group and possibly younger formations are in 
some part equivalent to the Wissahickon. Where then were the 
lands that drained to the sea in which these sediments were de- 
posited? The Wissahickon presumably formed for the most 
part from impure clastic sediments with only minor amounts 
of interbedded limestones. Above the Chilhowee the formations 
contain much limestone and dolomite. This suggests the facies 
became more clastic and probably more heterogeneous from 
west to east. Does this mean that somewhere far to the east 
there was a landmass and that the surface which the Lynchburg, 
Swift Run, Catoctin, and lowermost Chilhowee overlap was 
the low-lying western margin of a basin which spread west- 
ward? The Appalachian geosyncline from the Blue Ridge west- 
ward would then be the foreland marginal portion of a large 
geosyncline to the east. This large geosyncline occupies part 
of the region presumed to have been occupied by the old land 
of Appalachia. The extension of the Appalachian geosyncline 
to the east somewhat restricts the western extent of Appalachia. 
Perhaps this old land retreated eastward as the geosyncline 
spread eastward and westward. 


ALTERED BASIC DIKES 


There are many amphibolite, soapstone, and greenstone 
dikes in the region between the Catoctin formation in the Blue 
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Ridge and the Catoctin formation in the Piedmont. These dikes 
are from a few inches to several hundred feet wide and up to 
several miles long. There is a swarm of them along the boundary 
between the Lynchburg and the granitized complex (fig. 4). 
Here, the dikes are not only more numerous, but larger. Al- 
though there are exceptions, the greenstone dikes are found in 
the granitized complex, amphibolite dikes in both the Lynch- 
burg and granitized complex near the contact, and soapstone 
dikes in the Lynchburg east of the amphibolite dikes. These 
dikes probably are all genetically related. In some of them, 
amphibolite grades into soapstone or greenstone. Rarely, green- 
stone forms a thin zone along the walls of the amphibolite dikes. 

All the rock types in. the dikes weather comparatively 
rapidly. They are often represented by a yellowish-brown, plas- 
tic clay. Fresh exposures are scarce. 

All the dikes parallel are nearly parallel the strike of the 
foliation and stratification of the intruded rocks. 

The amphibolites, soapstones, and greenstones contain such 
an abundance of secondary minerals that both the primary 
minerals and textures have been largely obliterated (plate 4). 
In some of the greenstones, remnants of feldspars (andesine, 
Ab:Ans) and an ophitic texture are apparent. Presumably, 
the amphibolite and soapstone were formed from a gabbroic 
rock or the coarse-grained equivalent of the greenstone. This 
is little more than a guess based upon uncertain relics of min- 
erals and texture and the assemblage of secondary minerals 
which probably came from a mafelsic rock. These secondary 
minerals are similar to those in the greenstone and include horn- 
blende, quartz, chlorite, epidote, clinozoisite, sericite, serpen- 
tine, calcite, talc, hematite, ilmenite, leucoxene, and probably 
others. The order of abundance varies. In the amphibolites, 
hornblende is generally most abundant; in the greenstone, epi- 
dote and chlorite; and in the soapstone, tale. There are grada- 
tional facies between amphibolite and soapstone in which talc 
and hornblende (actinolite) are nearly equally abundant. 

Spectroanalyses of these dike rocks yield an assemblage of 
trace elements very similar to those in the Catoctin (table 2). 
This, the petrographic similarity of the greenstone in dikes to 
that in the Catoctin, and the location of the dikes suggests that 
the dikes are the hypabyssal phase of Catoctin volcanism (Fur- 
cron, 1939, pp. 26-28). 
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A comparatively large number and persistence of dikes 
along the contact zone between the Lynchburg and granitized 
complex encourage postulation. This zone is located about 
midway between the northwestern and southeastern Catoctin 
belts (fig. 4). If the Swift Run is the thin margin of the Lynch- 
burg overlap, the Lynchburg thickens very rapidly. The forma- 
tion has an apparent thickness of more than 20,000 feet. A 
true thickness of this magnitude would require an increase of 
thickness of about 1000 feet per mile from west to east. It is 
probable, however, that the true thickness of the Lynchburg is 
something less than 20,000 feet and that the apparent thick- 
ness is due at least in part to isoclinal folding and large-scale 
boudinage structure. In any case, the Lynchburg must be a 
comparatively thick formation of shallow water sediments. 
These sediments probably accumulated with synchronous sub- 
sidence. Northwest of the Lynchburg, subsidence must have 
gradually decreased as shown by the thinning and disappear- 
ance of the Swift Run. When the Lynchburg had attained a 
certain thickness, perhaps a hinge zone in the subsiding region 
had become sufficiently strained to fracture. Magma may have 
intruded along these fractures and flowed out upon the surface 
to form the Catoctin. In central Virginia, no dikes have been 
recognized in the Catoctin. This apparent absence of dikes 
suggests the Catoctin masses now represented in the section 
are portions of flows somewhat distant from the main source 
of the lava. 


AGE RELATIONS 


Stose and Stose (1949, p. 315) and King (1949, pp. 536- 
538) are of the opinion that the Catoctin, Swift Run, and 
Lynchburg are late pre-Cambrian in age. This opinion seems 
to depend upon an unconformity at the base of the Lower 
Cambrian Chilhowee group. The fact that the Lynchburg, 
Swift Run, and Catoctin are, in general, somewhat more meta- 


Plate 3 
Photomicrographs 
Figure 1. Andesite near the middle of the Swift Ruy formation near 
Oronoco, Virginia. The feldspars are andesine. Crossed nicols, 62x. 
Figure 2. Greenstone from the Catoctin formation near the head of 
Rockfish River. The feldspars are andesine. Crossed nicols, 62x. 
Figure 8. Greenstone from the base of the Unicoi formation southeast 
of Buena Vista, Virginia. The feldspars are andesine. Crossed nicols, 
62x. 


i 
: 
{ 
3 

| 
i} 
hs 
ali 
— 
7 


PLATE 3 


Ficure 1 
g 
| 
| 
2 
Ficurr 3 


PLATI 


| 

2 


Lower Cambrian Formations in Central Virginia 781 


morphosed and more complexly folded and faulted, probably 
strengthens the opinion that these formations are pre-Cam- 
brian in age and not closely related to the Chilhowee. Further- 
more, it is presumed that the volcanics in the Catoctin are 
unrelated to those in the Unicoi. 

In the Blue Ridge, the structural geology is comparatively 
complex. Thrust faults fragment folds so that the continuity 
of exposed cross sections is limited. The Catoctin in central 
Virginia is thrust upon the Chilhowee so that the stratigraphy 
is obscured. In northern Virginia, the Catoctin underlies the 
Chilhowee. Whether or not the boundary is a major uncon- 
formity is problematical. If the Lynchburg, Swift Run, Catoc- 
tin, and lower portion of the Chilhowee overlap the granitized 
complex, the unconformity may not be so significant. Further- 
more, if the volcanics in the base of the Chilhowee represent 
the final eruptions of the volcanism that produced the Catoctin, 
no major lapse of time is represented by the contact. These 
relations suggest that sedimentation in the region began with 
the Lynchburg and continued at least into the Chilhowee, in- 
terrupted only by volcanism which produced tuffs and effusives 
in the Swift Run, Catoctin, and lower Chilhowee. During in- 
tervals of volcanic quiescence, sedimentation produced mem- 
bers in the Catoctin. 

The Lynchburg, Swift Run, Catoctin, and Chilhowee, thus, 
appear to be in a sequence that is unbroken by an unconformity 
of more than minor significance. If this is true, the pre-Cam- 
brian-Cambrian boundary must be (1) in the Chilhowee, (2) 
between the Catoctin and Swift Run or Lynchburg, (3) at the 
base of the Lynchburg, or (4) between the Chilhowee and 
Catoctin. The oldest positively Cambrian fossils are found 
near the top of the Erwin (Antietam) formation. This forma- 
tion is then incontrovertibly Lower Cambrian in age. It grades 
downward into the Hampton (Harpers) formation and is part 
of the Chilhowee group. The pre-Cambrian boundary is below 
the Erwin. Resser (1933, pp. 743-746) proposed the recog- 
nition of the base of the Cambrian at the base of the Erwin. 
If the boundary is drawn on the basis of fossils, Resser’s pro- 
posal seems sound. Some geologists might object to including, 
in the Cambrian, about 600 feet of non-fossiliferous Erwin 


Plate 4 
Figure 1. Amphibolite in dike near Rockfish, Virginia. 
Figure 2. Photomicrograph of amphibolite near Rockfish, Virginia 100 x. 
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below the fossil-bearing top of the formation. Others, who base 
their argument upon physical relations, might object to draw- 
ing the boundary within what appears to be a more or less un- 
broken sequence. They prefer to utilize unconformities as time 
boundaries. In either case, there seems to be reason to doubt 
the validity of a pre-Cambrian-Cambrian boundary drawn at 
the base of the Chilhowee. In a given region, an interval of 
voleanisin is presumed to be of comparatively short duration 
and it does not seem right to correlate such an event so that it 
is part Cambrian and part pre-Cambrian. There are, however, 
examples known to all geologists where systemic boundaries 
are contained within formations. Similarly the pre-Cambrian- 
Cambrian boundary might be located within a formation or un- 
broken sequence of formations. 

The writer does not know whether the Lynchburg, Swift Run, 
Catoctin, and lower Chilhowee are Cambrian or late pre-Cam- 
brian. Where appropriate fossils are found the rocks are 
Cambrian. There is always the chance that such fossils may be 
found in rocks lower in the section. Until some such acceptable 
evidence is found, the question of age hardly seems to be a 
matter for controversy. Most Blue Ridge geologists seem to 
agree that the formations between the Chilhowee and gran- 
itized complex are late pre-Cambrian in age. There is some 
question as to “how late” these formations are and “how low” 
the Lower Cambrian. The writer has attempted to prove that 
the problematical formations are part of a continuous se- 
quence and, therefore, closely related in age. 
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INTENSIVE FROST ACTION ALONG 
LAKE SHORES 


STEPHEN TABER 


ABSTRACT. The gravel on beaches in the Finger Lake district of New 
York is mostly limestone, and it is derived from the boulder clay that 
blankets much of the region. On most beaches the cobbles are angular to 
subangular, because they are being ruptured by frost action faster than 
the fragments can be rounded by waves. Water, to feed growing ice crys- 
tals which cause rupture, can be drawn into dense-textured, limestone 
cobbies embedded in wet clay; for water in fine-grained soils and rocks 
can be undercooled in the immediate vicinity of ice crystals. Coarse-textured 
rock, such as sandstone, and dense-textured limestones resting on gravel 
are seldom broken by freezing, and, therefore, become well rounded. Since 
water occupying the larger voids of sandstone and gravel freezes readily, 
it cannot be drawn up to ice crystals growing in small voids at slightly 
lower temperatures. 


INTRODUCTION 


T many places along lake shores in the Finger Lake dis- 
trict of New York environmental conditions are extremely 
favorable for fragmentation of boulders and cobbles by frost 
action. At other localities along the shores conditions are not 
so favorable. During a period of many years the writer has 
made observations at various localities on Seneca, Cayuga, 
Owasco, Skaneateles and smaller lakes in the district but the 
most detailed work has been done on the shores of Cayuga 
Lake. 

From the standpoint of frost action, five types of shore line 
may be distinguished : 

1. Beaches with a thin layer of gravel resting on clay or 
mud probably form the commonest type. The materials on these 
beaches are derived from the glacial till which blankets most 
of the region. 

2. Beaches having a thick deposit of gravel are found chiefly 
where smal! streams flowing in post-glacial gorges reach the 
lakes. 

3. Beaches consisting of thick deposits of sand, silt or mud 
with no coarse material are found mostly in protected coves 
and where large deltas have been built at the heads of lakes. 

4. Shale beaches, consisting mainly of small fragments of 
shale, are found where shale crops out along the lake shores. 
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5. Limestone shores are found where beds of Paleozoic lime- 
stones crop out. : 

The distinction between the different types of beaches is not 
always sharply defined since there are gradations from one type 
to another. 


BEACHES WITH A THIN LAYER OF GRAVEL ON CLAY OR MUD 


Storm waves and windblown ice erode boulder clay along the 
lake shores with the formation of low scarps at high water 
level. The coarse material is being concentrated on the beaches 
and in shallow water, the clay being gradually moved into 
deeper water. Lake bottoms, except near shore, are covered with 
soft carbonaceous marl. 

The clay is highly plastic when wet but on drying it shrinks 
with the formation of large cracks and becomes quite-hard. 
The coarse material in the clay is mostly Paleozoic limestone 
but sandstone, quartzite, gneiss, granite and, more rarely, other 
rocks are present. Boulders range up to over 7 feet in diameter 
and most of them are rounded. Many limestone boulders show 
glacial striae. In contrast, boulders and cobbles on the beaches 
are smaller in average size and are much more angular than 
those in the boulder clay. The west-facing beach at Farleys 
Point on Cayuga Lake is an excellent example of a beach de- 
veloped on glacial till, and it has been under intermittent ob- 
servation by the writer for over 40 years. 

Farleys Point is a double-headed peninsula jutting into 
Cayuga Lake from the eastern shore, 1.5 miles southwest of 
Union Springs. A westward-projecting headland is called Round 
Point, and one extending northward, Long Point. A profile and 
section surveyed at right angles to the west-facing beach of 
Long Point is shown in figure 1. The ground surface is convex 
upward where it slopes toward the lake and very slightly con- 
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Fig. 1. Profile and section across beach at Farleys on Cayuga Lake, 
New York. H, high water level; L, low water level; B, location of boulder 
shown in plate 1; C, boulder clay; G, gravel; M, fine mud; R, area where 
ruptured cobbles shown in figure 2 were obtained. 


t 
| 
| 
| 
i 
1090 (50 Feet 
| 


786 Stephen Taber 


cave below high water level. The till in which the waves have 
been cutting is variable in thickness, but, near the line of sec- 
tion and 400 feet from the shore, a well penetrated 30 feet of 
the boulder clay. 

Under natural conditions lake level was usually highest after 
spring thaws and lowest during the late fall and winter when 
precipitation is lowest and runoff is retarded by freezing tem- 
peratures. However, high water may occur occasionally at any 
time during the year as a result of abnormally heavy rainfall. 
In recent years the water level has been regulated by the De- 
partment of Public Works of the State of New York which 
operates the spillway gates and lock of the Barge Canal at 
the foot of the lake. The water is drawn down in the fall to 
prevent property damage from ice piled up by onshore winds. 
During the 6-year period, 1943-1948, the maximum elevation 
of the lake at the lock, as recorded by the Department of Pub- 
lic Works', occurred each year between May 13 and June 19, 
and varied between 384.8 and 386.4 feet above mean tide. The 
minimum elevations occurred between February 9 and March 
10, and varied between elevation 379 and 380.4 feet. The high- 
water and low-water lines are, therefore, separated vertically 
by 7.4 feet, and the horizontal distance between them is 170 
feet. 

The mean annual temperature at Auburn, near the foot of 
the lake is 47.3°F., the average minimum temperature is 15.1° 
and the lowest temperature recorded is —-20°. The average 
date of the earliest killing frost is October 17 and the average 
date of the latest killing frost is May 2 (Martin, 1934, pp. 
26-28). 

The west-facing beach at Long Point is protected from south 
and east winds but is exposed to winds from the north and west. 
Winds blowing from a little west of north have an 8-mile stretch 
of water in which to build up waves large enough to cause 
considerable abrasion, as is proved by the presence of pieces 
of rounded and frosted glass. 

Gravel thrown up by storm waves above high water level rests 
on till, but a few feet lower it rests on soft mud derived from 
the till, and this mud grades through calcareous mud into 
typical fresh water marl a short distance beyond the low-water 
line. The gravel is from 1 to 2 or more feet thick near the upper 


1 Letter from Mr. Wm. Robinson, District Engineer, dated Sept. 7, 1949. 
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margin of the beach but, lakeward, gradually becomes thinner, 
and beyond the low-water line only scattered cobbles are pres- 
ent. A few widely separated stones found in deeper water may 
have been ice-rafted from the shore. 

The two largest boulders on the beach have maximum diam- 
eters of 6 and 7 feet. Most of the smaller boulders have been 
removed in recent years for use in building protective walls in 
front of cottages facing the lake. Most of the limestone cobbles 
are about 5 inches in diameter with a tendency toward tabular 
form. They commonly rest in the mud with a flat side up, the 
larger ones being more or less surrounded and separated by 
slightly smaller ones. This imperfect pattern is probably due 
to wave action. 

Most of the cobbles are angular to subangular (plate 1), but 
many cannot be so simply described, for flat and irregular 
surfaces with sharp edges occur on the same specimen with 
well-rounded surfaces. Many water-worn cobbles have been 
broken so recently that the fragments have not had time to 
become separated, though wave action and movement of lake 
ice soon displace such fragments. Seven angular fragments 
from a brick were found scattered over an area of 20 square 
yards. 

Some typical cobbles, fractured without separation of the 
fragments, are shown in figure 2. They were all picked up in 
shallow water within an area of 300 square yards (fig. 1). 
Similar specimens are common throughout most of the area 
between the high- and low-water lines. They are most abundant 
in early summer when, over large areas, they average one or 
more to 100 square feet, and, locally, may have a density of 
more than 10 to 100 square feet. Cobbles with vertical or 
steeply inclined fractures are easier to find but horizontal 
fractures are perhaps commoner. Most cobbles are broken 
into two fragments (fig. 2, B, D, E, F) but some are broken 
into several (fig. 2, A, C). Fragments of a limestone boulder 3 
feet in diameter, deeply embedded in mud have remained in 
place for several years. Some boulders show discontinuous, in- 
cipient fractures which, in a year or two, are enlarged and 
extended with complete separation of fragments. The incipient 
fractures show up as dark lines on smooth, dry surfaces be- 
cause of capillary water drawn up from the wet mud in which 


the boulders are embedded. 
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Cobbles of sandstone, quartzite, granite and gneiss, in con- 
trast with those of limestone, are mostly well rounded, and 
only two were found that had been recently broken (fig. 2, F 
and plate 1). Each of these cobbles has a single smooth, flat 
surface, apparently a bedding plane, with sharp edge where it 
cuts the rounded surface. The matching fragments were not 
found. 

No recently fractured boulders or cobbles were observed on 
the lake floor beyond the low-water shore line, and the few 
present near the high-water shore line, where the gravel is 
thickest, may have been brought up by storm waves or ice. The 
largest boulders and blocks of limestone on the beach seem to 
be more resistant to rupture than smaller ones for they show 
no evidence of recent cracks. 
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Fig. 2. Profiles of cobbles ruptured by frost action without separation 
of fragments. A, B, C, D, E, dense-textured limestone; F, coarse sandstone. 
These cobbles were obtained from the area “R” in figure 1. 
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A typical view of the mixture of angular, subangular and 
rounded cobbles present on the beach is shown in the photo- 
graph (plate 1) taken in the late summer of 1949 when the 
lake level stood at 383 feet above mean tide. The cracked 
boulder in the foreground is well embedded in mud while the 
smaller cobbles around it rest on other cobbles. The boulder is 
located about 40 feet from the high-water shore line and at an 
elevation of 383.2 feet. 

BEACHES WITH THICK GRAVEL DEPOSITS 

Good examples of beaches with thick gravel deposits are 
found at the mouth of Big Gully Creek, 2.5 miles southwest of 
Union Springs, and at Meyers Point, near Ludlowville, where 
Salmon Creek reaches Cayuga Lake. The gravel, as indicated 
by the abundance of erratics, has been derived mostly from the 
till. Boulders, cobbles and pebbles are well rounded, angular 
fragments being very rare. The high degree of rounding is 
due to abrasion during stream transportation as well as the 
later abrasion by wave action, but a more important factor is 
the absence of recent fracturing which is so noticeable where 
cobbles rest on clay or mud. The rupturing of cobbles without 
displacement of fragments is not taking place on beaches with 
thick gravel deposits. 

BEACHES OF SAND, SILT OR MUD | 

On beaches where only sand, silt and mud are present it is 
difficult to determine by direct observation the extent to which 
the coarser particles are being broken up, and the relative 
importance of the various factors involved. 

' SHALE BEACHES 

The commonest bedrock exposed along the lake shores is 
shale, which in places, forms high cliffs. It disintegrates readily 
so that beach material consists chiefly of small fragments of 
shale. A few erratics from the glacial drift are commonly pres- 
ent and most of these are well rounded. In some places sphe- 
roidal concretions are also found. 

LIMESTONE SHORES 

The limestone beds are too thin to form high cliffs but, in 
places, as at Round Point and at Frontenac Island, 0.5 mile 
west of Union Springs, they form low walls and are exposed on 
the lake bottom. In shallow water limestone blocks and a few 
erratics rest on the bare limestone, but in deeper water the bed- 
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rock is completely covered by lake mud. The limestone is broken 


by jointing into large blocks which show no evidence of recent 
fracturing. 


EXPERIMENTAL EVIDENCE 


t The extensive rupturing of beach cobbles and boulders can- 
not be ascribed to impact, wetting and drying, or simple 
changes in temperature, for these agencies are as active, if not 
more active, on beaches with thick gravel deposits as on 
those where the stones rest on clay and mud. Moreover, impact 
would tend to separate fragments at once, and cobbles that are 
under water much of the year are subjected to fewer cycles of 
wetting and drying and to smaller and less frequent tempera- 
ture changes than those continuously exposed on land. The 
elimination of these agencies leaves frost action as the ex- 
planation of the rupturing, and this process was investigated 
experimentally in both field and laboratory. 

All cobbles and boulders used in the experiments were ob- 
tained in digging a well at Farleys Point. Some of these 
cobbles and boulders were embedded in surface clay 75 feet 
from the lake shore, some were placed in and on the thick 
deposit of gravel near the high-water line, and some were 
embedded in lake mud at points between high and low water. 
No stones placed on gravel have been broken although ex- 
posed for 10 or more years. Most of the boulders embedded in 
lake mud have been ruptured. 

A rounded limestone boulder, 14 inches in diameter, showing 
glacial striae, was unaffected after 5 years’ exposure while rest- 
ing on well-drained clay, but, when removed to the beach mud, 
it was broken into 9 angular pieces during a single winter. A 
subrounded boulder, 18 by 10 by 7 inches, was broken length- 
wise the first winter after being placed in the beach mud. The 
following winter an incipient fracture developed which was 
extended during the third winter so as to again split the stone. 

Small boulders embedded in clay 75 feet from the lake, where 
surface drainage was fair, remained unbroken for several years 
until conditions favorable for frost-splitting occurred and then 
several were cracked. Brick and slate embedded in soil remained 
unchangtd for several vears in South Carolina but a single 
freeze, coming when the ground had been thoroughly satur- 
ated by warm rain, caused extensive fracturing and disinte- 
gration. 

A standard method of testing the weathering properties of 
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stone, brick and cement is to saturate the samples by submersion 
in water, after which they are removed and subjected to freezing 
temperatures. This process is repeated several times, the speci- 
mens being weighed after each cycle to determine the loss 
through disintegration. The writer has modified this test by 
surrounding the sample with insulating material, the upper 
surface being exposed to refrigeration while the lower part 
of the specimen is kept saturated with water. The apparatus 
is essentially the same as that used to freeze soils in open sys- 
tems where water can enter or be expelled from the soil during 
the experiment (Taber, 1929, 1930a and 1930b). Blocks of 
stone, brick and cement, in open systems, require fewer cycles 
of freezing and thawing to bring about a given amount of dis- 
integration than when they are tested by the old method. 


DISCUSSION AND CONCLUSIONS 


In the writer’s experiments, coarse-textured soils frozen in 
a system open with respect to water did not heave because ice 
merely filled existing voids, the excess water resulting from 
volume change being expelled; but, when fine-grained soils were 
similarly frozen additional water was drawn into the soil to 
build up masses of ice, and the heaving greatly exceeded that 
which could be attributed to change in volume of the water 
frozen. In the latter case the pressure effects were due to 
growth of ice crystals, the pressure being exerted in the direc- 
tion of crystal growth which is determined by the direction of 
cooling, except when resistance to growth is much greater in 
that direction than in others. When highly colloidal bentonitic 
clays were frozen the heaving was equivalent to the change in 
volume of the water frozen because water could not enter or 
leave the impermeable clay during the experiment. In nature, 
as previously stated (Taber, 1930b, p. 116), there is a grada- 
tion, and not a sharp demarcation, between open and closed 
systems. 

Stones behave very much as soils when frozen under similar 
conditions. Coarse-textured stones, such as sandstones, are 
seldom fractured because some interstitial water is expelled by 
the growing ice crystals; but, in fine-grained limestone addi- 
tional water can be supplied to growing ice crystals from the 
underlying wet soil if downward freezing is sufficiently slow. 
It must be slow since a dense-textured stone is highly resistant 
to rapid flow of water. The larger blocks and boulders of lime- 
stone are seldom cracked by frost action, partly because of 
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high resistance to the growth of a few small ice crystals, and 
partly because the resistance to the passage of water through 
the minute pore spaces increases with the distance it has to 
travel. 

Boulders resting on soil, but not deeply embedded, cool 
rapidly because of the high percentage of their surface exposed, 
and too rapid downward freezing may prevent ice crystals from 
enlarging the space they occupy and causing rupture. If the 
voids are relatively large ice may form downward through 
these spaces expelling surplus water, but if the voids are suf- 
ficiently small the resistance to rapid movement vf water may 
exceed its tensile strength, which in small columns is surpris- 
ingly high, consequently cutting off the supply of water to the 
ice crystals. 

The freezing isotherm descends more slowly in clay where a 
larger amount of water must be frozen than it does in stone 
where only a little water is available. Therefore, ice crystals 
may grow in a cobble for some time before the flow of water 
from clay to embedded stone is stopped by freezing. As winter 
approaches soil water freezes long before lake water, for much 
heat must be removed from the large volume of lake water to 
reduce the temperature at the surface to the freezing point. 
Lakes, therefore, tend to retard the freezing of mud and clay 
at, or close to, lake level. As the water is lowered in the fall 
the mud in which cobbles are embedded is saturated with water 
at approximately the temperature of water along the lake 
shore. 

Limestone cobbles resting on gravel are seldom fractured by 
frost action because (1) insufficient water is present in the 
cobble, or (2) water cannot enter the limestone to feed grow- 
ing ice crystals. Good drainage makes it difficult to saturate a 
cobble that is above lake level, but this explanation would not 
apply to cobbles that are partly submerged. Laboratory ex- 
periments (Taber, 1930b, p. 122) show that water occupying 
very small voids in fine-grained soils may be undercooled in 
the immediate vicinity of ice crystals but this is not true of 
coarse-grained soils. Similarly, water in the minute voids of 
the limestone may remain unfrozen while the 0°C. isotherm de- 
scends below the cobble where water occupying the large voids 
in gravel is promptly frozen, thus a off all upward move- 
ment of water into the cobble. 

Cobbles and boulders embedded in clay at a distance from 
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the lake seldom fracture except when freezing occurs after the 
clay has been thoroughly saturated by rain, melting snow, or 
the concentration of water near the surface as a result of freez- 
ing and thawing. 

Limestone cobbles and boulders on beaches underlain with 
fine mud are more or less angular because they are being rup- 
tured by frost action faster than the fragments can be rounded 
by abrasion. The other types of rock present are much less 
susceptible to frost-splitting and therefore are mostly well 
rounded. On beaches with thick gravel deposits conditions are 
unfavorable for frost-splitting, and, therefore, cobbles of all 
rock types become well rounded. Recognizable fragments of 
shale are seldom present in the boulder clay or on the beaches, 
except where shale beds are exposed. Because of its cleavage 
and texture it is easily broken and disintegrated by frost action. 

Extremely low temperatures are not required for the inten- 
sive splitting and disintegration of rock by frost action. A 
temperature of a few degrees below 0°C. is sufficient if the rock 
is fine grained and permeable, and if conditions permit the 
maintenance of saturation during freezing. In the absence of 
these conditions frequency of the freezing cycle is of little im- 
portance. Writers in the field of frost action have rather gen- 
erally overlooked the fact that the growth of ice crystals in 
soils and rocks, with the development of pressure, is controlled 
by not one but by several factors, including size of pore spaces, 
size of particles, permeability, resistance to the enlargement of 
voids, rate of cooling and the availability of water. Resistance 
to crystal growth is generally greater in rock than in soil, and 
less uniformly distributed. Therefore location of fractures in 
rock often occurs along bedding planes and other loci of weak- 
ness. Thin tabular specimens of limestone are usually broken in 
a direction parallel to the smallest diameter. The principles de- 
veloped in this paper have important engiueering applications. 
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DEVONIAN MICROFOSSILS, 
ANDREWS COUNTY, TEXAS 
SAMUEL P. ELLISON, JR. ann W. TURNER WYNN 


ABSTRACT. A fossiliferous interval containing conodonts and question- 
able trochiliscids (Charophyta) from the lowest Devcenian rocks of the 
Three-Bar field, Andrews County, Texas, is interpreted as a stratigraphic 
admixture of Devonian age. This is evidence indicating a Devonian age 
for the pay zone of the Three-Bar field. 


ONODONTS and questionable trochiliscids (charophyte 

oogonia) oceur in a thin, glauconitic sandstone at the 
base of the Devonian chert in the Three-Bar field, southwestern 
Andrews County, Texas. These fossils were first recognized in 
cuttings from depths of 8470 to 8480 feet in the Stanolind Oil 
and Gas Company’s University No. 2 “AG”. Larger quan- 
tities of fossiliferous material, obtained subsequently by dia- 
mond coring in the Stanolind Oil and Gas Company’s Uni- 
versity No. 4 “AJ”, permitted a more thorough study of the 
fossils, which disclosed important evidence regarding the age 
of the pay zone of the Three-Bar field. 

The Stanolind Oil and Gas Company’s University No. 4 
“AJ” is located 660 feet from the north and west lines of sec- 
tion 9, block 11, University Lands Survey, Andrews County, 
Texas. The description of the core recovered from depths of 
8281 to 8286 feet is as follows: 


Devonian Feet Inches 

Smoky-gray, dense, vitreous chert 

with irregular masses of buff chalky 

chert 0 7.75 

Green, glauconitic sandstone; inter- 

stices filled with iron sulfides, calcite, 

and pale green clay. Contains cono- 

donts, conical fish teeth or scales, and 

tentatively identified internal molds 

of trochiliscids 0 1.25 
Silurian 

Pale gray to green shaly limestone 4 0 

Total depth 8286 feet. 

When the glauconitic sandstone from the base of the De- 
vonian was immersed in water and boiled, it disintegrated and 
the microfossils were freed. The fossils were concentrated by 
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hand-picking with a small moist brush under a wide-field binoc- 
ular microscope. All the fossils are amber-colored and the ten- 
tatively identified trochiliscids are soluble in acetic acid. 

The general geographic and stratigraphic setting of the 
fossiliferous sandstone is shown in figures 1 and 2. It is imme- 
diately below the pay zone of the Three-Bar field and above a 
gray to green shaly limestone assigned to the Silurian on the 
basis of lithology and local usage. The fossils are illustrated 
on plate 1 and are listed as follows: 

Conodonts 

Icriodus expansus Branson and Mehl (platform) 
Icriodus sp. (platform) 
Oistodus sp. (simple cone) 
Acontiodus sp. (simple cone) 
Cordylodus sp. (simple cone) 
Fish Remains 
Small, low, conical fish teeth or scales. 

Algae (Charophyta) 

Questionable internal molds of trochiliscid oogonia. 

Ninety per cent of the specimens found belong to the cono- 
dont genus Icriodus. Slightly less than 10 per cent of the speci- 
mens are questionable trochiliscids and a minor number are 
simple cone conodonts and low, conical fish teeth or scales. The 
simple cone conodonts are fragmentary and show evidence of 
abrasion. The low, conical fish teeth possess a distinct layer 
of enamel on their exterior. 

The interpretation of the age of these fossils is based mainly 
on conodonts. Icriodus erpansus Branson and Mehl is recorded 
from strata of Middle and Upper Devonian in the United 
States and the stratigraphic range of the genus Icriodus is 
recognized as being Middle and Upper Devonian (Branson and 
Mehl, 1938, pp. 156-161). A gap occurs in the knowledge of 
conodont faunas in the Lower Devonian because none have 
been described from that part of the system. The possibility 
that Jcriodus may range into Lower Devonian, therefore, can- 
not be completely eliminated. The forms illustrated here are 
not similar to the genus Icriodina, which occurs in the Silurian 
of Kentucky (Branson and Branson, 1947, pp. 550-551). 

The simple cone conodonts are interpreted as Silurian or 
Ordovician forms, reworked, and included in the glauconitic 
sandstone. There were ample source beds of Silurian or Ordo- 
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vician. age to supply these reworked specimens. The low, conical 
fish teeth or scales are not known to have any value as age 
indicators. 


: The tentatively identified internal molds of trochiliscids are 
} important in that trochiliscids are known only from the Middle 
and Upper Devonian and Lower Mississippian beds in the 


United States (Peck, 1934, p. 97). Their lowest stratigraphic 
occurrence is near the base of the Middle Devonian. However, 
trochiliscids are like conodonts, in that Lower Devonian occur- 


4 rences are not known but the possibility of their existence in 

F that part of the system cannot be ruled out. 

The specimens shown on plate 1, figures 1-6, compare favor- 
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ably with Peck’s (1934, plate 12, figures 1-3) illustrations of 
internal molds in all respects except size: Peck’s specimens are 
approximately three times as large. After examining the Three- 
Bar specimens, Peck wrote that they “do look like the internal 
molds of trochiliscids that I figured some time ago. I compared 
your material with the figured material and the resemblance 
except for size is remarkably close. The material I figured was 
from the Bushberg and the Devonian trochiliscids are much 
smaller. The size differential should not mean much. My means 
of identification of the material I figured was association and 
inference. The material you sent is unquestionably organic and 
I would not know where else to place it. At the same time, I 
could not possibly prove the material to be internal molds of 
trochiliscids” (personal communication, January 3, 1950). 

In summary, the data and interpretations made above show 
this assemblage of microfossils to be a stratigraphic admixture 
of Devonian age. Silurian or Ordovician simple cone conodonts 
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have been reworked and deposited in a basal sandstone con- 
taining Devonian conodonts and trochiliscids. Correlations 
with other faunas and floras in the United States indicate an 
age of Middle and Upper Devonian. However, a Lower De- 
vonian age cannot be ruled out because of the lack of knowledge 
concerning Lower Devonian conodonts and trochiliscids. In 
any case, the interpretation given is evidence for assigning a 
Devonian age to the Three-Bar pay zone, which is immediately 
above the fossiliferous sandstone. 

Acknowledgment is made to The Stanolind Oil and Gas 
Company for permission to publish the report; to R. E. Peck 
for examining the trochiliscids and for permission to quote his 
personal communication; to Mrs. Alberta Early for picking the 
specimens ; and to A. H. Deen, R. K. DeFord, and J. T. Lons- 
dale for suggestions and criticisms of the manuscript. The 
photographs of the fossils were made with the financial aid of 
grant number 276 of the University of Texas Research Insti- 
tute. The figured specimens are deposited in the paleontological] 
collection of the University of Texas Bureau of Economic 
Geology. 


Explanation of plate 1 


All figures magnified 30x 


All specimens from the Stanolind Oil and Gas Company's University No. 4 
“AJ”, southwestern Andrews County, Texas, at depths from 8281 to 8282 
feet. 


Figures 1-7. Questionable internal molds of trochiliscids (Charophyte 
oogonia). University of Texas Bureau of Economic Geol, No, 19293. 


Figures 8-13. Unidentified fish teeth or scales. University of Texas 
Bureau of Economic Geol. No. 19294. 


Figures 14-15, Acontiodus sp. University of Texas Bureau of Economic 
Geol. Nos. 19295, 19296. 


Figures 16, 17, 21. Oistodus sp. University of Texas Bureau of Economic 
Geol. Nos, 19297, 19298, 19299. 


Figures 18-20. Cordylodus sp. University of Texas Bureau of Economic 
Geol. Nos. 19300, 19301, 19302. 


Figures 22-28, 31, 33. Icriodus sp. University of Texas Bureau of Eco- 
nomic Geol. Nos. 19303 to 19311. 


Figures 29, 30, 32, 34, 35. Jeriodus erpansus Branson and Mehl, Univer- 
sity of Texas Bureau of Economic Geol. Nos. 19312 to 19316, 
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EQUILIBRIUM THEORY OF EROSIONAL 
SLOPES APPROACHED BY FREQUENCY 
DISTRIBUTION ANALYSIS 


ARTHUR N. STRAHLER 
PART II 


SIGNIFICANCE 


TESTS APYLIED TO SLOPE PROBLEMS IN THE 
VERDUGO AND SAN RAFAEL HILLS, CALIFORNIA 


Introduction——Studies of the significance of differences in 
sample means have applications in the attack upon a number 
of fundamental geomorphic problems involving factors which 
affect equilibrium of graded slopes. Data collected in the 
Verdugo and San Rafael Hills, Los Angeles County, Cali- 
fornia, have been examined with a view to determining (1) if 
differences in underlying rock type are associated with differ- 
ences in slope angles, (2) if differences in directional exposure 
to sunlight and other meteorological factors produce differ- 
ences in slope angles, and (3) if slopes decline in angle when 
left to weathering and erosion processes not accompanied by 
basal erosion and removal. 

Description of the Area.—For initial research three small 

areas in the Verdugo and San Rafael Hills were studied (figure 
10). These lie in the southern side of a single NW-SE trending 
Figure 10. 
\ Coast Range block of moderate relief (Miller, 1934). Condi- 
tions of climate, vegetation, relief and tectonic history are 
essentially the same throughout, but lithologic factors are not. 
The easternmost area is underlain by a relatively homogeneous ° 
mass of Wilson diorite; the western two areas by the metasedi- 
ments and small intrusive bodies comprising the San Gabriel 
formation. Despite marked variations in bedrock composition 
and structure in the latter formation, the entire southern side 
of this range appears homogeneous in topographic aspect. 

The field work was concentrated upon measuring slope 
angles in several categories, in measuring and plotting detailed 
topographic profiles from ravine floors to divides, and in 
determining the number and location of the smallest discrete 
channels of the drainage network. Information was plotted on 
photostatically enlarged copies of the U. S. Geological Survey 
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topographic maps on a scale of 1 :24,000 corrected on the basis 
of air photograph study and field inspection (fig. 11). 

Topography.—Mountain topography of the Verdugo and 
San Rafael Hills is in a mature stage of development. The 
drainage pattern is roughly dendritic, although the predom- 
inant trend of streams is southwesterly, from the major divide 
in which the streams head, to the sloping fan surfaces which 
encroach from the south upon the ragged foothill belt of the 
mountain base. Although there are many irregularities of bed- 
rock composition and structure, these seem to have rather 
minor influences upon the placement of minor streams and 
divides. 

Slopes are steep (plate 1), with a tendency to straightness 
of profile (figs. 1 and 12). Divides tend to be smoothly rounded 
throughout, a form emphasized by the fact that firebreaks are 
made and maintained by bulldozer along the major divides. 
Serrate crests and craggy peaks, often seen in desert moun- 
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tain ranges and glaciated mountains are absent here. Relief 
is not great, despite the steep slopes. The areas studied have 
less than 1000 feet total relief while most slope profiles meas- 
ured in the field have less than 100 feet of difference in eleva- 
tion from divide to channel. 

Ravines may be subdivided into two classes: (1) The smaller 
ravines and the upper ends of the larger ones are V-shaped in 
transverse profile. The enclosing walls have slopes in the range 
for the most part. The stream channel, dry most 


40° to 45 
of the time, is narrow and is cut in bedrock. Locally, however, 
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Fig. 11. Detailed map of Kline Canyon area, Verdugo Hills, Calif. 
(area A of figure 10.) Enlargement of U. S. G. S. map, 1:31,680, corrected 
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the channel is choked with debris which has slid, rolled or 
flowed from the steep walls. (2) The lower courses of most 
of the larger canyons are graded and have a flat alluvial 
floor ranging from a few feet to one or two hundred feet wide. 
To what extent the flat is due to lateral corrasion in bedrock, 
rather than to alluviation by flood- and mud-flow of a formerly 
V-shaped valley is not easily determined. In the areas studied, 
a period of recent channel trenching showed alluvial and mud- 
flow fill. Streams strongly impinge on the base of the steep 
canyon walls, undercutting the bedrock. Where the stream has 
temporarily moved away from the slope base steep cones of 
talus have been built, causing a smoothed, concave-up basal 
slope of accumulation to be present. 

Ravine heads are steep-walled, funnel-like amphitheaters 
which may be termed “hoppers” because their converging 
slopes feed detritus into the uppermost end of the stream chan- 
nel. Hopper walls tend to be nearly straight in profile and to 
make the form of an inverted part-cone. Most hopper walls are 
very steep, above 45° in angle. Evidences of rolling and sliding 
of weathered rock are conspicuous. Bedrock exposure com- 
prises from one-third to three-fourths of the hopper walls. 
Locally a layer or lens of resistant rock may produce a nearly 
vertical cliff, but for the most part the rock surfaces conform 
closely with the straight hopper walls. 

Some hopper walls intersect the broadly rounded divide with 
a sharp, clearly defined break in slope, indigating the rapid 
expansion of the steep hopper slopes by rapid mass movement 
into a more stable profile determined by slower processes of 
creep and rain-wash. Elsewhere the hopper walls merge 
smoothly into the rounded divide profile and suggest a more 
nearly balanced slope condition. 

The lateral slopes which extend from divide to ravine bot- 
tom are characteristically straight in profile for a consider- 
able part of their length (fig. 12). At the upper end the profile 
merges smoothly into the curve of the divide; at the lower end 
the straight profile reaches to the ravine floor. In some ravines 
a composite profile was found, having a lower, or inner, seg- 
ment steeper than that above it. This was interpreted as the 
result of a recent epicycle of accelerated erosion locally affect- 
ing some of the canyons. 

Between-Area Differences in Slope.—Significance of dif- 
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ferences in means of three areas was examined for the purpose of 
determining a possible influence of bedrock on slope. Areas A 
(Kline Canyon area) and B (Stough Park area) are both 
underlain by the San Gabriel formation whereas area C (San 
Rafael Hills) is underlain by the Wilson diorite. Should the 
means of the first two areas prove to be similar, but to differ 
significantly from the third, the difference may possibly be due 
to rock type. Should the results fail to show any significant 
differences, one might conclude that these particular varieties 
in bedrock have no noticeable influence. Should the first two 
areas, both in the same type of rock, differ significantly, but 
one of them to be the same as the third, we might conclude that 
factors other than rock type influence slope more strongly. 
Histograms of three frequency distributions, one from each 
area are shown in figure 6. In an earlier section on general 
distribution characteristics of slopes an analysis of significant 
skewness and kurtosis was discussed (tables 1, 2). Differences 
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Fig. 12. Surveyed profiles in Verdugo Hills, California. Profile A, rep- 
resenting the type in sample A of figure 14, has escaped basal cutting for a 
long time. Profile B, representing the type in sample B of figure 14, is being 
wctively corraded at the base. 
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in sample size are largely the consequence of the prevailing 
conditions of vegetation at the time of the field work. Area A 
had been recently burned over and presented an ideal condition 
for slope work. Area B had a light cover of shrubs following 
recent burns. Area C was densely overgrown with a chaparral 
of many years’ development. 

Tables 4, 5, and 6 give the essential data for the between- 
area analysis. Tests were made for significance of differences 
in estimated standard deviations and means.’ Tests of sig- 


4 


Data used in determinations of significance of differences 
in standard deviations and arithmetic means (tables 5 and 6.). 

DETERMINATIONS Area A Area B Area C 
N Number of observations in sample .... 171 89 26 
¥ Arithmetic mean of sample 44.825° 42.084° 42.173° 
eo Standard deviation of sample 2.522° 2.780° 
s* Unbiased estimate of population vari- 

6.433° 8.039° 


Tests for significance of differences in standard deviations. 
DETERMINATIONS A and B AandC BandC 
F (Ratio of larger s* to smaller s*.) .... 1.058 1.327 1,250 

F= 
m (Degrees of freedom in Sample 1.) .... 
nz (Degrees of freedom in Sample 2., .... 
P. (Ratio of area in two tails of F-distri- 
bution to area under entire curve.) 
Is there a significant difference in standard 
deviations? 


Tests for significance of differences in arithmetic means. 
DETERMINATIONS  AandB A andC Band C 


t Where t- = 3.92 0.15 


n Degrees of freedom 195 113 
P Ratio of area in two tails of t distribu- 
tion to area under entire curve .... <.001 <.001 80 to 


90 
Are the differences in means significant? Yes Yes No 


“1 Analysis was performed by Mr. Richard Ostheimer, Instructor in 
Statistics, Columbia University. 
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nificance of differences in estimated standard deviations were 
required by the differences between area A and the other two 
areas. As indicated in table 5 there is probably a significant 
difference between deviations of areas A and B, but not 
between A and C, or between B and C. Inasmuch as the level 
of significance in the first case is not minute, we cannot rule 
out the possibility that they are really not significantly dif- 
ferent. Certainly any influence of difference in bedrock fails 
to show strongly in the estimated standard deviations. 
Differences in means are treated in table 6. The results are 
clearcut in terms of probabilities and satisfactory significance 
levels. Whereas areas A and C, and areas A and B, are sig- 
nificantly different, the differences in B and C are definitely not 
significant, with a probability of 80 to 90 per cent that this 
difference or greater may be due to chance sampling variations 
alone. Because the two areas of similar rock differ significantly 
in slope, whereas two of the unlike areas do not differ sig- 
nificantly in slope, we may conclude that some factor (or fac- 
tors) other than bedrock has a controlling influence on slope 
differences. These factors might be undetected differences in 


climate, vegetation, soils, geologic (tectonic) history, or 
sampling differences due to unintentional changes in sampling 


method. The conclusions are thus negative, even though clear, 
and serve to emphasize the complexity of the type of problem 
being treated. 

A possible explanation for a lack of any strong bedrock in- 
fluence may be the deep weathering of bedrock in this region. 
Decomposition due to alteration of feldspars and ferromag- 
nesian minerals has proceeded to depths of tens of feet, so that 
highway grading in bedrock may be done with power shovels. 
Landforms are thus little influenced by differences in physical 
characteristics of the unaltered rock. 

Influence of Differences in Exposure of Slopes.—Through- 
out the areas studied there is a marked difference in the ap- 
pearance of slopes facing south through southeast to east 
and those facing north through northwest to west. This dif- 
ference is obvious both in vegetation and soil. In the field one 
is apt to conclude that systematic differences in slope angle 
are also present because of the fact that one set of slopes 
affords better footing for climbing than the other. Whether 
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or not a slope angle difference actually exists is here investi- 
gated by the method of differences in sample means. 

All of the areas studied are clothed in a chaparral vegetation 
representing the natural flora of the region as it develops in 
various stages following fire. Two distinct types of vegetation 
are recognizable; that on the drier south-facing slopes, and 
that on the relatively protected north-facing slopes. 

On the south-facing slopes is a light growth, 3 to 5 feet high, 
termed chamise-sage by J. S. Horton (1941). On the south 
flank of the Verdugo and San Rafael Hills this consists largely 
of Adenostema fasciculatum (Chamise). There are in addi- 
tion Eriogonum fasciculatum (Buckwheat), Salvia mellifera 
(Black sage), Artemesia californica, and Yucca whipplei. 
Chamise seems to have excluded almost all other plants except 
the yucca on foothill slopes which have escaped burning for 
many years. Slopes burned over recently (3 to 5 years ?) may 
consist of almost pure stands of Eriogonum fasciculatum or 
Salvia mellifera or a mixture of the two, interspersed with 
some yucca. Rhus laurina occurs throughout the chamise-sage 
areas, making conspicuous dense clumps 8 to 10 feet high and 
most commonly attaching to rocky parts of the steeper slopes. 
According to measurements by J. S. Horton (1941) in the 
San Dimas Experimental Forest, the average percentage of 
ground occupied by plants is only about 24 per cent, while 76 
per cent is open ground. Although no measurements were taken 
within the areas studied by the writer, it seems likely that there 
is a similar proportion of open ground. Viewed from opposite 
hillsides a chamise-sage slope shows a considerable amount of 
exposed soil, weathered rock mantle, or bedrock. 

In contrast with the chamise-sage association is the chamise- 
chaparral association (J. S. Horton, 1941) of north-facing 
slopes. This is a denser, higher growth, some 8 to 15 or 20 feet 
high, composed largely of stunted trees. Horton’s measurements 
show that only about 52 per cent of open ground area is 
present. Viewed from a distance little or no bare ground may 
be visible. A considerable amount of litter, made up of dead 
leaves and twigs, is present. In the area studied by the writer, 
the chamise-chaparral contained such species as Prunus ilici- 
folia, Rhamnus crocea, Quercus dumosa and Rhus integrifolia, 
intermixed with chamise. 
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Protection of ground by both of these chaparral associa- 
tions is considerable, but would appear to be much greater 
where the chamise-chaparral association is present. On the 
chamise-sage slopes individual plants catch considerable quan- 
tities of twigs and leaves on the up-slope side of the plant base. 
This in turn holds soil and rock particles, making a miniature 
terrace. When the slope is swept by fire, much of the debris 
is released to slide and roll downslope into the ravine bot- 
toms where it accumulates in small talus cones. The bare 
ground between individual plants or clumps of plants is read- 
ily attacked by raindrop beat (splash erosion) and sheet-run- 
off, which in places has cut small rill channels several inches 
into the weathered rock mantle. In dry weather these grooves 
serve as chutes down which loosened particles roll or slide. The 
activities of rabbits, coyotes, deer and other animals which 
live in large numbers on chaparral slopes serve to release much 
fragmenta! rock and soil material throughout the long, dry 
Mediterranean summer. 

Nature of the soil cover is likewise contrasted on the two 
types of slopes. The N-NW-W chamise-chaparral slopes com- 
monly have a thick, dark-brown soil through which no bed- 
rock crops out. A maze of fine rootlets binds the surficial part 
of the soil together so that free sliding and rolling of particles 
is minimized. The thick soil is given readily to flowage move- 
ments; the scars typical of such movements are conspicuous on 
burned-over slopes. On the S-SE-E slopes with a light chamise- 
sage cover, soil is thin. Outcrops are numerous and make up 
a large portion of the surface area of slopes over 40° or 42°. 
In the absence of soil held by rootlets there is much free rolling 
and sliding of weathered rock particles. Both because of the 
greater proportion of outcrops and because of the greater 
amount of sliding of detrital fragments, these slopes give the 
impression of being the steeper. They are more difficult to 
ascend or descend on foot than the soil-covered slopes (where 
hoth are freshly burned over) because footing is poorer in the 
loose unstable detritus on S-SE-E slopes. 

In order to determine if a true and systematic asymmetry 
does exist between the two sets of slopes, a test was set up 
using slope angles previously gathered without regard for 
the particular problem of asymmetry. All ravines having 
simple, opposed valley walls were used; eight in all. These 
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ranged in trend from N-S to ENE-WSW and showed contrast- 
ing slope conditions as previously described. In all cases the 
ravine was sharply V-shaped with a narrow stream channel 
occupying the bottom. Thus the deepening of the ravine would 
cause approximately equal basal corrasion of both valley walls. 
Due to the complexity of bedrock, which included metasedi- 
ments and small intrusive bodies, it is not certain that control 
by rock structure and composition differences is absent. No 
such relationship suggested itself, however. 

Fifty-two readings were analyzed from slopes facing in a 
westerly or northwesterly direction; 53 from slopes facing 
southerly or southeasterly. The equality in number of read- 
ings was wholly fortuitous, because all available readings 
were used and none arbitrarily discarded. In general the dis- 
tribution of readings was even throughout and opposite sides 
of the same ravine received almost equal sampling. 

Of the first group, facing W, NW or N, the arithmetic mean 
was 44.54°; for the second group, facing S, SE or E, the 
arithmetic mean was 44.56° (fig. 13). Note that standard 
deviations differ markedly even though means are almost 
identical. 

A test of significance of difference in means shows 

—*, 0.631 

0.03168 


The area under the two tails of the normal curve is 97.2 per 
cent. Hence the probability of obtaining this great a differ- 
ence in means or greater due to sampling variations alone 
would be about 97 out of 100, if samples were repeatedly 
drawn from a slope population uniform throughout. It is 
nevertheless possible that a true difference exists due to ex- 
posure but that the two samples happened to have almost iden- 
tical means. If we take the observed difference, plus or minus 
2.6 times the standard error of the difference of the means 
(.02 + 2.6 * 0.631) and we state that the true difference lies 
somewhere in this range of values, then, if we regularly proceed 
according to such a rule, in the long run 99 per cent of the 
statements will be true. 

This example serves as an illustration of the value of system- 
atic quantitative measurement and testing in investigating 
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what seems upon casual field observation to be a difference in 
slope angles due to exposure to meterological elements. The 
eve alone cannot detect significant small differences and may, 
on the other hand, be deceived into registering a slope differ- 
ence where none exists. 

Parallel versus Declining Slope Retreat—-A fundamental 
problem in geomorphology is whether slopes of a fluvially dis- 
sected landmass retreat in parallel planes accompanied by re- 
placement with a set of lower basal slopes, as Penck (1924) 
has held, or whether they decline to progressively lower angles 
as the landmass relief is lowered, as Davis (1909, p. 268-269) 
has held. 

Under the eauilibrium theory, outlined in earlier pages, 
slopes maintain an equilibrium angle proportional to the chan- 
nel gradients of the drainage system and are so adjusted as to 
permit a steady state to be maintained by the process of ero- 
sion and transportation under prevailing conditions of climate, 
vegetation, soils, bedrock and initial relief or stage. Thus both 
slopes and streams are graded. In any one small area where 
homogeneity prevails slopes tend to cluster about a mean 
value with relatively low dispersion. As the landmass is reduced 
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Fig. 18. Histograms of two samples superimposed for comparison 


Sample A (cross-hatched) represents the more densely vegetated, sheltered 
northerly-facing slopes. Sample B (heavy line) represents thinly covered 
chamise slopes with southerly exposure. Means are almost identical, hence 
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both slopes and stream gradients are reduced, being slowly 
and continuously regraded to maintain approximate equil- 
ibrium. As the correlation of stream gradients with slopes 
(fig. 8) suggests, the decline of stream gradient is accom- 
panied by slope reduction. This concept of maintenance of a 
steady state by slow readjustment is essentially Devis’ concept 
of landmass development in the normal cycle. 

Under the Penck (1924) theory of landmass development an 
initially steep slope or wall (Béschung) such as the valley wall 
of a youthful canyon, might be expected to retreat in succes- 
sive parallel planes. So long as the stream is down-cutting at a 
constant rate, no other elements of slope would be present and 
uniform development would prevail. With diminishing rate of 
down-cutting by the stream there will begin to develop at the 
base of the steep slope a gentle slope (Haldenhang) which 
expands in area as the steep slope retreats from the valley axis. 
The Haldenhang is, in turn, replaced by still lower slopes (Sub- 
haldenhdnge). This concept fails to correlate stream gradients 
with slopes, as the theory of equilibrium forms in a steady state 
demands. Once formed, a steep slope (Béschung) would retreat 
at a constant angle regardless of changes of gradient of the 
associated stream. 

In the Verdugo and San Rafael Hills the prevailing condi- 
tions are those of steep-walled, V-shaped canyons, or canyons 
with narrow alluvial valley flats. If the topography is devel- 
oping by parallel slope retreat, as under the Penck theory, 
there might not yet be any development of Haldenhiinge be- 
cause of the rapid valley deepening and widening. It would 
thus be difficult to draw conclusions as to the correctness of 
these theories on the basis of general topographic aspect. 
There is, however, a possible means of determining the valid- 
ity of Penck’s assumption that a steep slope retreats in paral- 
lel planes once it has been formed and is no longer subject to 
direct basal stream action. At various places along the narrow 
alluvial flats in some of the canyons the stream is vigorously 
undercutting the bedrock at the slope base on one side, but has 
not recently been active on the opposite side, where there is an 
accumulation of soil and rock fragments in the form of talus 
or basal sheet-wash apron. The slope above this zone of ac- 
cumulation has been free to waste back by processes of mass 
movement and sheet erosion, but without any removal or under- 
cutting at the slope base. If retreat has been parallel, slopes of 
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this type should maintain a mean angle the same as for the 
slopes vigorously corraded at the base; if retreat has been of 
the declining type, these slopes should be significantly lower 
than the latter group. 

During the field work measurements were made of erosional 
slopes which had basal accumulations of slopewash or talus 
and had, therefore, for a greater or lesser period of time, no 
vigorous corrasion at the base. In all 33 measurements of this 
class of slopes in the Kline Canyon area were made. These 
slopes were located among the slopes being actively corraded, 
of which the sample of 171 readings has already been described 
(sample E in figures 2, 3 and 4). The larger sample includes 
none of the smaller, but the two are intermixed as far as 
geographic distribution is concerned. Figure 14 shows the 
histograms of the two frequency distributions plotted on the 
same coordinates. The mean of the protected slopes is 38.2° ; 
that of the basally corraded slopes 44.8°, a difference of 6.6°. 
Estimated standard deviation of the first group (2.70°) is 
somewhat lower than the second (3.27°) but both are of the 
same general order of magnitude. It is obvious, in view of the 
significance levels obtained in previously described tests, that 
a difference in means of 6.6° is significant beyond doubt. A test 
shows that 
x 
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Fig. 14 Histograms of two samples superimposed for comparison. 

Saniple A, protected slopes. Sample B, basally corraded slopes. 
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Tables of areas under parts of the normal curve fail to include 
this high a value. If the value were 5.0 the probabilities of ob- 
taining this great difference or greater by chance variations in 
sampling from the same population would be on the order of 
one in one million. 

We thus conclude that the slopes which have been protected 
from recent basal cutting have significantly lower angles. The 
statistical analysis does not explain this difference, but in view 
of the fact that conditions of climate, vegetation, soils, bed- 
rock, and tectonic history seem to be essentially the same for 
both samples it is concluded that the one group of slopes de- 
clined in angle during the period when only sheet-runoff, creep 
and other mass-wasting processes operated on the slope. Some 
suspicion, at least, is thus cast upon the Penck assumption 
of parallel retreat, while some support is given Davis’ scheme 
of declining slopes. 

Summary Statement.—The method of evaluating the sig- 
nificance of differences in sample means appears to have appli- 
cations in the solution of fundamental problems of geomor- 
phology. The method serves as a check upon the reliability of 
conclusions drawn from samples. In the three examples 
described above, the second and third illustrate opposite ex- 
tremes of significance level which give considerable confidence 
to the investigator in drawing conclusions. The first case 
illustrates an inconsistent relationship among three sample 
means relative to a possible causative factor and points to con- 
trol by other factors not under consideration. 

Although the specific results of this investigation may prove 
of little consequence in the light of future studies, some value 
may come through increasing the range of techniques avail- 
able in the attack upon basic geomorphic problems. 
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COMMUNICATION 


Evidence of the Taconic Sequence in the Vicinity 
of Lehigh River, Pennsylvania 


In my paper on the Taconic sequence in Pennsylvania (Stose, 
1946), the map of the Hamburg klippe, which embraced the known 
extent of the Taconic sequence in that area (fig. 2 of that paper) 
is shown as ending west of Lehigh River. Results of renewed study 
of the shale in the vicinity is presented here. 

In the State Survey report on the geology of Northampton 
County, Penna. (B. L. Miller, et al., 1939), seven inliers of lime- 
stone in the Martinsburg shale just east of Lehigh River are mapped. 
Ralph Miller (1937), who studied these limestones in detail, 
states (p. 108) “Two lines of evidence favor an Upper Cambrian 
age for these jimestones. 1) There is a lithologic similarity to the 
known Upper Cambrian beds (Conococheague limestone) of the 
region. 2) In a number of different exposures, the fossil Cryptozoon, 
which elsewhere in the valley is restricted to the Upper Cambrian, 
has been found.’ He says also (p, 110) that these Cryptozoons 
“more closely resemble Cryptozoon proliferum,” the fossil that oc- 
curs in the Upper Cambrian, than a form found in the Trenton lime- 
stone at Lake St. John, Quebec. Despite these facts, Ralph Miller 
could not bring himself to believe that the limestones were Upper 
Cambrian because the Martinsburg shale at the adjacent south 
side of the belt is underlain by the full thickness of Jacksonburg 
limestone and underlying Beekmantown limestone, both dipping 
gently north, which lie above the Upper Cambrian Conococheague 
limestone. He states (p. 109) “If unconformity be postulated, it 
would require that 600 feet of Jacksonburg and 1200 feet of Beek- 
mantown thin out... in a horizontal distance of 600 feet. This 
seems impossible.”” He therefore concluded that the limestone inliers 
are local calcareous lenses in the Martinsburg shale, and they are 
so mapped in the County report (B. L. Miller, 1939), 

In 1936 Miss Jonas and I examined the limestone inliers in the 
shale exposed on Catasauqua Creek north of Weaverville and along 
the road west through Seemsville to Kreidersville. We observed only 
one indistinct Cryptozoon in a quarry, and the limestone did not 
impress us as distinctly resembling the Conococheague limestone of 
the Great Valley. But if it contains Cryptozoons “in a number of 
different exposures,’ as reported by Miller, this fact cannot be 
ignored. 

Red shale or other types of sedimentary beds known to be char- 
acteristic of the Taconic sequence were not observed in the vicinity 
of Seemsville, but such beds do occur 15 miles to the southwest 
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along the strike. The shale near Seemsville does have limestone 
inliers similar to those in shale at and north of Leesport and at 
many places farther west, where these limestones have been included 
in the Taconic sequence (Stose, 1946, p. 676). The limestone inliers 
in the vicinity of Seemsville, however, seem to be different in that 
they contain Cryptozoon that suggest Upper Cambrian age. The 
greatly disturbed character of the limestones, their brecciation, and 
the presence of many injected quartz stringers indicate much move- 
ment and possible thrusting. The limestone of the inliers, therefore, 
may be part of the floor on which the shale was deposited before it 
was thrust, and was thrust with the shale to its present position. 

One mile north of Egypt, west of Lehigh River, the shale, with 
low north dip, is underlain by nearly horizontal thin-bedded fossil- 
iferous limestone, crystalline limestone, shaly argillaceous lime- 
stone, and dolomite. The fossiliferous beds contain trilobites, which 
Ulrich identified as Leiostidium sp. (Stose and Jones, 1927, p. 512), 
and were referred by him to his “Upper Ozarkian” (lowermost 
Ordovician), somewhat higher than the Cryptozoon horizon of the 
Conococheague limestone (“Lower Ozarkian” of Ulrich). At the 
time this observation was published, the shale was regarded as 
Martinsburg and the underlying “Upper Ozarkian” beds were in- 
terpreted as evidence of au unconformity at the base of the Martins- 
burg. This shale is now regarded by the writer as part of the 
Taconic sequence and the underlying fossiliferous limestone is in- 
terpreted as part of the floor on which it was deposited before it 
was overthrust to its present position. These beds are in a tri- 
angular area west of a north-trending normal fault and north of an 
east-trending shear zone in the limestone, which is interpreted as the 
Taconic thrust (fig. 1). It lies just southwest of the Seemsville 
area of limestone inliers, and supports the interpretation that those 
limestones are part of the floor beneath the shale of the Taconic 
sequence that was thrust with it from the southeast. 

The shale north of Egypt has no red shale, characteristic of the 
Taconic sequence, but 10 miles to the southwest, near Werleys 
Corner (fig. 1), red shale (Behre, 1933, plate 25), which is included 
by me in the lower part of the Taconic sequence, is in an anticline 
that plunges east beneath a thick series of sandy beds in which are 
“chip conglomerate,’ characteristic of the upper part of the Taconic 
sequence. All the shales and sandstones in the surrounding area, 
south of Shochary Ridge, are now tentatively classed by the writer 
as part of the Taconic sequence. 

In my former paper (Stose, 1946, pp. 680-681 and fig. 3), I 
presented evidence of a thrust fault on the south side of Shochary 
Ridge whereby the shale of the Taconic sequence was thrust north 
over fossiliferous upper beds of the Martinsburg shale. This thrust 
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passes eastward into the Allentown West quadrangle. As indicated 
on the map (fig. 1), I have included in the Taconic sequence the 
shale north of Egypt and the shale around Seemsville in which the 
limestone inliers occur; also all the shale and sandstones south and 
southeast of Shochary Ridge to the limestones of the Valley. In 
this area the irregular relation of the shale to the various older 
limestone formations has been very confusing because the shale was 
regarded as Martinsburg, but if the shale is overthrust, the irregular 
relations to the limestones can readily be explained, and confusion 
ceases to exist. The unconformable relation of the outlying shale 
area east of Maxatawny to the underlying Beekmantown and 
Conococheague limestones (B. L. Mil'er, 1941, geologic map) is 
made clear by regarding the shale as overthrust, as shown in figure 1. 
The shale of Huckleberry Ridge and other outlying shale areas 
east and west of Maxatawny, including the shale just described, are 
greatly disturbed and suggest overthrusting, and they are interpreted 
as klippen of the overthrust Taconic sequence. 

The Taconic sequence of New York and New England, deposited 
in the eastern or Levis basin (Ruedemann, 1930, pp. 80-130), is 
composed largely of shale down to the Lower Ordovician Deep 
Kill shale, and the underlying Schaghticoke shale is tentatively re- 
garded also of Lower Ordovician age. Beds of Upper Cambrian 
age and “Upper Ozarkian” of Ulrich are missing in the section. 
Shales, grits, and some limestones, that are lower in the section 
and extend down to the Nassau beds, are of Lower Cambrian age. 
Considering the distance of the Pennsylvania locality from the type 
area in New York, changes in the character and composition of 
the section along the strike might be expected, and the Ozarkian 
and Upper Cambrian, which are not represented in the Taconic 
section of New York, might be present in Pennsylvania and be 
represented by limestone and shale, of which the trilobite-bearing 
limestone near Egypt and the Cryptozoon-bearing limestone near 
Seemsville may be a part. Normanskill graptolites, typical of the 
Taconic sequence in New York, are present at many places in the 
Taconic sequence in Pennsylvania, and occur also in the Athens 
shale in the Shenandoah Valley of Virginia, where the shale is as- 
sociated with fossiliferous limestones. Deep Kill graptolites, also 
characteristic of the Taconic sequence of New York, have been 
found at only one place in the Taconic sequence of Pennsylvania 
(Stose, 1930, p. 641; 1946, p. 674; 1950, p. 135) and are not 
known elsewhere in the Appalachians south of New York. 

Conclusion.-All of the shale and sandstone that lie south and 
southeast of Shochary Ridge in the Allentown West quadrangle, 
extending eastward to Egypt and east of Lehigh River to Seems- 
ville (fig. 1), are probably part of the Taconic sequence; the ir- 
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regular distribution of the limestone formations beneath the shale 
and its outliers around Maxatawny, Fogelsville, and Huckleberry 
Ridge accord with this interpretation. The limestone inliers in the 
shale around Seemsville containing Cryptozoon, and the fossiliferous 
limestone of “Upper Ozarkian” age beneath the shale near Egypt, 
may be part of the floor on which the shale of the Taconic sequence 
was deposited and were thrust with the shale to its present position. 


ReErerences 


Behre, C. H., Jr., 1933. Slate in Pennsylvania: Pennsylvania Geol. Survey 
Bull. M 16. 


Miller, B. L., et al., 1939, Geology of Northampton County, Pennsylvania: 
Pennsylvania Geol. Survey Bull. C 48. 


———. 1941. Geology of Lehigh County, Pennsylvania: Pennsylvania 
Geol. Survey Bull. C 39. 


Miller, R. L., 1937. Martinsburg limestones in eastern Pennsylvania: Geol. 
Soc. America Bull. vol. 48, pp. 93-112. 


Ruedemann, Rudolf, 1930. Geology of the Capital District: New York 
State Mus. Bull. no. 285. 


Stose, G. W., 1930. Unconformity at the base of the Silurian in south- 
eastern Pennsylvania: Geol. Soc. America Bull., vol. 41, pp. 629-658. 


—_———-, 1946. The Taconic sequence in Pennsylvania: Am. Jour. Sct, 
vol. 244, pp. 665-696, 


, 1950. Comments on the Taconic sequence in Pennsylvania: Geol. 
Soc. America Bull., vol. 61, pp. 133-135. 


—_———, and Jonas, Anna I, 1927. Ordovician shale and associated lava 
in southeastern Pennsylvania: Geol. Soc. America Bull, vol. 38, pp. 
505-536. 
Georce W. Srose 


U. S. Survey 
Wasuinoton, D. C. 


| 


REVIEWS 


Colloid Science, Vols. I and II; by A. E. Avexanper and P. 
Jounson. Pp. xx and viii, 837. Oxford and New York, 1949 
(Oxford University Press, $15.00).—Colloid Chemistry is a branch 
of Chemistry which deals with systems which are neither frankly 
homogeneous nor outspokenly heterogeneous. The subject touches 
so many fields that the table of contents, which summarizes the 
organization of the two volumes, covers 12 pages (this is about 
three and a half times as many pages as given to the index). The 
first volume consists of two parts: historical and general survey 
(5 chapters) and experimental methods and their theoretical basis. 
This latter part is again subdivided to treat systems as a whole (11 
chapters) and the interface (3 chapters). The second volume is 
Part 3 of the whole work, and deals with the specific colloidal sys- 
tems: sols, gels and pastes, foams, emulsions, colloidal electrolytes, 
clays and zeolites, proteins, polymers and membranes. An attempt is 
made in this part to discuss for each system methods of preparation 
or formation, structure in bulk and interface, stability, and the more 
important properties. 


This work covers an extraordinarily wide field and, as it seems 
to this reader, does so in a clear style, with a large number of apt 
illustrations. It is a pleasure to read this work. In degree of difficulty 
the work falls between simple texts on colloid chemistry and mono- 
graphs on very limited subjects. For this reason it can give a broad 
yet in some cases reasonably detailed treatment of colloid chemistry. 
This has been needed, and the book may very well become a useful 
text. 

There are two features of the work which are somewhat dis- 
appointing. As noted above, the index is very short and is, indeed, 
quite inadequate. The orderly arrangement of the text and the 
extended table of contents redeem this situation a little. The other 
feature is the sparse documentation. References are given at the 
end of each chapter, but are not very many for a book of this kind. 

The authors are to be congratulated on producing a work of such 
breadth. The two volumes will surely be valuable additions to the 
bookshelves of many workers in physical chemistry and in those 
earth sciences which draw on physical and colloid chemistry for 


support. HAROLD G. CASSIDY 


Albert Einstein: Philosopher-Scientist; edited by Pavut Artuur 
Scuiter. Pp. xvi, 781. Evanston, Illinois, 1949. (The Library of 
Living Philosophers, Inc., $8.50).—This book is the seventh of a 
series bearing the general title: The Library of Living Philosophers, 
each volume of which provides a group of interpretations of the work 
of a celebrated living philosopher by contemporary authorities, and 
includes the reply of the scholar in question to his commentators and 


820 


i 

| 

. 
i 

ae 

| 

4q 


Reviews 821 


critics. Prefaced by an authoritative biographical sketch or, whenever 
possible, by an autobiography, each volume is concluded by a com- 
plete bibliography of the subject's writings. Such a plan has interest- 
ing possibilities and successful treatments of the work of such figures 
as Bertrand Russell, John Dewey, and Alfred North Whitehead 
have already appeared. 

The man in the street accustomed by now to hear Albert Ein- 
stein acclaimed as an eminent mathematician and more particularly 
(and more accurately) as one of the greatest theoretical physicists 
of modern times, may well express surprise to find him here ap- 
pearing in the guise of a philosopher. In the common view physicists 
are supposed to be suspicious of philosophers with their well-known 
penchant for explaining everything in terms of universal “‘sys- 
tems,” like idealism, materialism, ete., and their equally notorious in- 
ability to agree with each other on what really makes the world go 
round. On the other hand those physicists who have taken the trouble 
to examine the basic concepts of their science realize keenly how 
much a re-interpretation of such concepts can mean for future physi- 
cal theorizing. It was to just such a process of searching analysis 
that Einstein subjected the ideas of space and time as previously 
employed in physics, and in so doing created the theory of re- 
lativity. If this sort of thing is philosophy, and the enormous in- 
terest which it has aroused among professional philosophers appears 
to indicate that it is, then Einstein certainly is entitled to rank as 
a philosopher as well as a scientist. 

The general reader who approaches this book with the expecta- 
tion of finding it another primer of relativity will be disappointed. 
The articles demand, in general, considerable background knowledge 
of modern physics and many of them dip pretty deeply into the 
abstractions of physical methodology. For physicists the intro- 
ductory autobiographical sketch, which is entirely concerned with 
the genesis and development of Einstein's scientific views, will 
hold considerable interest, though the translation which accom- 
panies the original German is scarcely adequate. 

The twenty-five descriptive and critical essays which con- 
stitute the bulk of the volume divide themselves more or less 
naturally into three classes: (1) those descriptive of certain 
phases of Ejinstein’s scientific achievements, (2) those relating to 
the philosophical implications of his work and particularly to his 
own definitely expressed methodological views, and (3) articles 
descriptive of certain theoretical developments suggested by or 
related to Einstein's relativity theory but actually independent of 
it and hence constituting original contributions. Typical of essays 
of the first class is the excellent article by Max Born on “Einstein's 
Statistical Theories.”” Examples of the second type are provided 
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by Niels Bohr's “Discussion with Einstein on Epistemological 
Problems in Atomic Physics,” by Henry Margenau’s” Einstein's 
Conception of Reality,’ and by P. W. Bridgman’s “Einstein's 
Theories and the Operational Point of View.” Finally the third 
class is well illustrated by E. A. Milne’s “Gravitation without 
General Relativity,’ which is really a boiled-down exposition of 
Milne’s own ingenious theory of kinematic relativity and its applica- 
tion to gravitation. 

Though most of the essays stress adequately Einstein's great 
contribution to modern physical thought, many are rather critical 
of his methodological views. Of the controversial ones the most 
interesting to the reviewer is that of Bohr, which is a masterpiece 
of exposition and brings to the sharpest possible focus the funda- 
mental disagreement between Einstein's views on reality and what 
constitutes a complete physical theory and those of the modern 
quantum physicist. In its essence it poses the old problem of the 
continuum versus the particle viewpoint in the development of 
physical theories, with Einstein maintaining his faith in the 
ultimate ability of the former to provide the best explanation of 
physical reality and with Bohr stressing the peculiar epistemologi- 
cal barrier erected against such faith by the existence of the 
quantum of action, which ironically enough, Einstein himself did 
so much to make a vital part of modern physics. 

To the properly equipped student the reading of the essays in 
this volume cannot fail to be a very stimulating experience. 

R. B. LINDSAY 

Introduction to Statistical Mechanics; by Ronatp W. Gurney. 
Pp. vii, 268; 59 figs. New York, 1949 (McGraw-Hill Book Com- 
pany, Inc., $5.00).—-One of the outstanding difficulties in grasping 
theoretical physics is the problem of separating the mathematics 
and the physica) ideas. The subject of statistical mechanics carries 
with it all of these difficulties. Professor Gurney, already well known 
for books giving clarification of complicated subjects, has made ,a 
real contribution to the presentation of statistical mechanics. The 
first chapter, in which the basic concepts of the most probable dis- 
tribution, and of temperature are introduced, should be read by 
everyone, whether he be already an expert or not. In the light of 
this simple approach the further mathematical development proceeds 
smoothly and the topics covered are easily understood. 

The book must be regarded as elementary. There is no attempt 
to consider and contrast the various approaches to statistical 
mechanics. For example, the material necessary to consider the 
atomic nucleus from a statistical viewpoint is missing. However, as 
a basis for understanding chemical and solid state applications the 
treatment is excellent. 
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The first half of the book can be thought of as establishing a 
physically founded statistical method. This is then applied to dis- 
sociation equilibrium, solutions and alloys, expansion, condensation, 
lattice vibration, diatomic molecules, particles in electric fields and 
electrons in a metal. In every case the treatment is clear and gives 
a fresh insight. 

One minor criticism is the back reference to numbered equations. 
In many cases it would aid the reader if the actual relation were 
repeated in place of the reference. 

The book has already proved of value as a reference text for 
an undergraduate senior course. Student comments are favorable. 
It is clearly written and a pleasure to read. ERNEST C. POLLARD 


Nuclear Radiation Physics; by R. E.Larre and H. L. Anprews. 
Pp. xiv, 487. New York, 1948 (Prentice-Hall, Inc., $4.50).—The 
enormous interest in nuclear physics since 1945 has been met with 
an astonishingly small response in text material. A striking excep- 
tion to this unfortunate trend is the present well written book by 
Drs. Lapp and Andrews. It is intended to be read by anyone of 
scientific training, not necessarily physical in nature; and it includes 
a brief description of modern atomic physics, including x-rays, 
before the subject of nuclear physics itself is developed. 

The topics covered in about four hundred pages include almost 
every development of interest up to 1948. For this reason it reads 
somewhat breathlessly. Thus the subject of beta decay, including 
Sargent diagrams, Fermi’s E‘t relation, Konopinski-Uhlenbeck’s 
modification, is contained in six pages. The compact treatment is 
excellently conceived and the authors are to be congratulated on 
the ability to present the essence so well. Nevertheless, from the 
point of view of the student the problem of assimilation may be dif- 
ficult. With this one general criticism of density of content one can 
stop being critical. The diagrams and illustrations are excellent, 
ranging from simple explanatory diagrams to excellently chosen 
pictures of complex apparatus or of complex nuclear processes. 
Worked examples are provided to enable the student to become 
familiar with the rather surprising numbers of nuclear physics. Good 
problems are also provided in plentiful numbers. 

Most important, the book has the flavor of modern nuclear 
physics, and is clearly written by authors who have experierced its 
rapid growth. It is a welcome addition to any bookshelf. 

ERNEST C. POLLARD 

Procedure in Taxonomy; including a reprint in translation of 
the Régles Internationales de la Nomenclature Zoélogique (Inter- 
national Code of Zodlogical Nomenclature) with titles of and notes 
on the Opinions rendered to the present date (1907 to 1947); 
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by Epwarp T. Scuenx and Jounw H. McMasters; revised by A. 
Myra Keen and Siemon Witttam Mutter. Pp. 93. Stanford, 1948 
(Stanford University Press, $2.50).—The many systematists who 
have relied on this valuable little book for constant reference on 
matters related to the ‘International Rules’’ of nomenclature will 
welcome the augmented and modernized edition. The conspicuous ad- 
ditions are a brief chapter on the background and activities of the 
International Commission on Zoological Nomenclature, summaries of 
Opinions 124-183 and titles of Opinions 134-194. The sequence 
of chapters has been changed. Some useful new references have 
been added, and the text has been rather extensively transformed 
into more precise phrasing. The thorough index has, of course, 
been enlarged to cover the additions in the revision. 

With the expectation that this edition will, like the first, be 
highly successful and again revised when reprinting becomes neces- 
sary, the reviewer must note the continued omission of a few 
points. (1) The definition of “taxonomy” needs to embrace the 
recognition and description of species, an aspect at least as im- 
portant as nomenclature and “the ranking of the various categories.” 
(2) The fact that the term “tribe” has been “variably employed” 
in the past does not remove it from justifiably wide modern usage 
for a very definite category in the classification of most groups 
of animals. As affinities become better and better known the need 
increases for a regular category between “subfamily” and “genus.” 
(3) Important omissions in the list of types are “cotype’” and 
“allotype.” Regardless of the position individual authors may take 
on these terms, they are so commonly used in zoological taxonomic 
literature that it is essential that definitions be given in a reference 
work like this little book. It should also be emphasized in the 
definitions of “Primary types’ that a specimen becomes a primary 
type only when so designated in a publication; this is a particularly 
important point for lectotypes and neotypes, for which loose 
practices are sometimes followed. (4) It is time for the problem 
of “genotype” versus “generotype” to be faced squarely, and the 
present authors should at least have mentioned the existence of 
the question. In genetics and systematics the term “genotype” is 
used for very different meanings. The increasingly wide overlap of 
these two disciplines makes it imperative that separate terms be 
used for the two concepts. “Genotype” appears to be firmly fixed 
and essential to geneticists. Furthermore, it cannot be derived from 
the combining form of “genus” (qgener-) and should have been 
written “generotype’ by systematists from the beginning. Such a 
spelling needs to be incorporated into the Régles and the term 
“genotype” abandoned for the type of a genus. 


CHARLES L. REMINGTON 
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Earth Movements and Organic Evolution. Proceedings of Sec- 
tion L of the International Geological Congress, Report of the 
18th Session, Great Britain, 1948. Pp. 59. London, 1950.—In the 
introduction to this symposium H, L. Hawkins (Great Britain), 
Chairman, sketches the problems of correlation between “orogenic 
spasms” of the earth and the speeding up of organic evolution. 
The subject is of perennial interest and was also a symposial topic 
at the last meeting of The Geological Society of America and asso- 
ciated societies. The papers contributed to this section of The 
International Geological Congress have their own merits, but they 
do not add up to a rounded discussion of the announced subject and 
most of them really have little or nothing to do with this subject. 
D. Andrusov (Czechoslovakia) summarizes the tectonic and sedi- 
mentational history of the western Carpathians and shows that this 
region had a long succession of radically changing environmental 
facies, reflected ecologically by its fossil faunas. L. V. Cepek 
(Czechoslovakia) discusses coal rifts or graben in western Bohemia 
and Moravia and demonstrates that the physical development of 
these depressions influenced the distribution of peat-bogs in them 
and is reflected in the quality, especially the ash content, of the 
resulting coals. A. Chavan (France) explains the appearance of 
tropical molluscs in the late Cretaceous and early Tertiary of 
northwestern Europe by migration and by increasing warmth of 
water following opening of the Atlantic basin by continental drift. 
R. C. Moore (U.S.A.) gives a rather detailed, largely tabular, 
summary of the evolution of the crinoids and suggests, without being 
explicit, that the history of that group has been strongly influenced 
by changes in lands and seaways. V. A. Obruchev (U.S.S.R.) is 
represented by an unimportant abstract. Finally, K. Zapletal 
(Czechoslovakia) maintains that major orogenic episodes, pro- 
gressively displaced in various parts of the world, tend to localize 
major evolutionary events as to place and time. Although this last 
paper bears most directly on the problem announced by Dr. 
Hawkins, it is (to this reviewer) confused and unconvincing. 
G. G. SIMPSON 

Theory of Hearing; by Ernest Gren Wever. Pp. xii, 484; 
frontispiece and 137 figs. New York, 1949 (John Wiley & Sons, Inc., 
#6.00).—-In the ten and more years since Stevens and Davis mar- 
shalled the facts known about the structure and function of the 
cochlea into their well known book, much lias been learned about 
audition. Not only was practical knowledge greatly advanced by war- 
induced research but electrophysiological techniques were extended to 
single fibres of the cochlear nerve and to other parts of the auditory 
pathways including the cortical projections. At least 100 research 
papers from this period are cited in the bibliography of the present 
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| volume which lists over 500. Consequently a book assessing the pres- 
: ent status of this area of physiology and psychology is most welcome, 
" particularly one written by a leading research man in the field. 
: This welcome may, however, be somewhat tempered by the fact 


that Professor Wever has purposely written a book to support a 
particular theory of hearing, namely the so-called volley theory. 
Clearly, this of itself is not an indictment. However as this reader 
progressed through the work, he felt a mounting uneasiness at the 
continual hammering on this particular theory of cochlear function. 
The first third of the book, devoted to an excellent exegesis, cast 
in historical form, of the various theories of hearing, is most stimu- 
lating. The ideas are clear and the style effective. The illustrative 
material, mostly graphs, is good and the book is enlivened by 
reproductions of several masterly drawings by Max Briédel. 

The larger part of the book then turns to the analysis, point by 
point, of the various data pertinent to hearing in terms of the volley 
: theory. It will be recognized that this theory differs from the almost 
universally held hypothesis of cochlear physiology, i.e., some form 
of the place theory, by insisting that pitch recognition and associ- 
ated phenomena are dependent mainly on the synchrony of stimulus 
frequency and nerve impulse frequency over a range of several 
octaves and partly so over 8-9 octaves, place only taking over above 
+,000-5,000 cycles per second. Few would deny that such synchrony 
does occur at the lower end of the auditory spectrum, but few 
would find the evidence convincing that it is the cue for pitch. Per- 
haps we should rather look on the slant in Dr. Wever’s book as an 
asset. A good controversy might well evoke just sufficient epine- 
phrine secretion to fill in certain of the wide open gaps in our 
knowledge of hearing. In that case the volley theory, whether or 
not it turns out to be the most satisfactory one to account for the 
facts, will nevertheless have done valuable service. 


TALBOT H. WATERMAN 

An Index of Mineral Species and Varieties Arranged Chemically, 
with an alphabetical index of accepted mineral names and synonyms; 
by Max H. Hey. Pp. xx, 609. London, 1950 (H.M. Stationery 
Office, Kingsway, W. C. 2; £1-10-0).—The chemically classified list 
provides a ready answer to anyone inquiring what minerals of a 
given qualitative chemical composition are known. The classification 
is based on the commonly accepted primary division of minerals by 
anions into oxides, sulphides, silicates, etc. followed by secondary 
subdivisions based upon the metals present. Cross-references are 
given in many cases where minerals contain several elements or 
radicals. The classification seems quite workable, as it has no doubt 
been proved by the author's personal experience at the British Mu- 
seum. The alphabetical index of mineral names and synonyms is by 
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far the most complete modern index known to this reviewer; it oc- 
cupies slightly more than half of the book. Its usefulness is greatly 
enhanced by references to the literature in which the respective 
names are defined. This book is clearly essential to any modern 
mineralogical library. HORACE WINCHELL 


Geophysical Survey of Southeastern Netherland; by L. U. ve Srt- 
rer and collaborators. Pp. 872; 73 figs., 2 halftone plates; 24 folded 
“annexes’’ (in separate container). Maastrict, 1949.—Following the 
invasion of The Netherlands by the Germans in May, 1940, the 
geological department of the University of Leyden had to abandon 
its program of field study in southern Europe, and instead began 
a concentrated attack on subsurface geology of the home country. 
Since the greater part of that country is blanketed with young 
sedimentary deposits, direct information at depth is obtained 
only in a few mining districts and in scattered areas where drill 
holes are concentrated. Parties were trained in use of the torsion 
balance, and 3634 stations were occupied. Maps and sections con- 
structed from the data were destroyed by the retreating Germans 
in 1944; but, nothing daunted, the research team repeated the 
labor required to retrieve the loss. 

Torsion balance results were supplemented by gravimeter data 
provided by the Geodetic Commission. Interpretation of these basic 
materials is expressed in a structure contour map, colored tectonic 
maps, and geologic structure sections. Where direct check by bore 
holes is possible, agreement is remarkably good. A pattern of steep 
faults that divide the bedrock into a mosaic of blocks is brought 
out particularly well by the gravimetric values. The project has 
large interest to geologists, as a demonstration of what may be ac- 
complished in tracing known structural features that disappear 
under alluvial cover, and in mapping additional features by com- 
parative appraisal of gravimetric anomalies. 

Although the complete report, comprising 6 parts and an ap- 
pendix, is printed in Dutch, condensed English translations that 
occupy the final 100 pages give adequate comprehension of the 
methods and the results. An alphabetical list of 131 references to 
pertinent literature adds to the value of the study. 

CHESTER R. LONGWELL 
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Reflection of Solitary Waves, Technical Memorandum No. 11. Dept. of the 
Army, Corps of Engineers, Beach Erosion Board. Washington, 1949. 

Ohio Stream-Flow Characteristics, Part 1, Flow Duration. Ohio Dept. of ‘ 
Natura! Resources, Division of Water, Bulletin 10. Columbus, 1949. 

Kansas Geological Survey Bulletin, as follows: 83. Divisions of the Penn- 

sylvanian System in Kansas; by Raymond C. Moore. Lawrence, 1949. 


Washington Division of Mines and Geology Report of Investigations, as 
follows: No. 17. Perlite and Other Volcanic Glass Occurrences in Wash- 
ington; by Marshall T. Huntting—8.25. Olympia, 1949. 


Water in the Physiology of Plants; by A. S. Crafts, H. B. Currier, and 
C. R. Stocking. Waltham, Mass. (The Chronica Botanica Co.) and New 
York, 1949 (Stechert-Hafner, Inc., $6.00). 


Comparative Anatomy Laboratory Manual; by L. R. Gribble. Philadelphia, 
1950 (The Blakiston Company, $3.00). 


Schmidt. New York, 1950 (Oxford University Press, $7.00). 


| Thermodynamics, Principles and Applications to Engineering; by Ernst 


Quantitative Ultramicroanalysis; by Paul L. Kirk. New York, 1950 (John 
Wiley & Sons, Inc., $5.00). 


Report of the Committee on the Measurement of Geologic Time 1948-1949; 
J. P. Marble, Chairman. Washington, 1949 (Division of Geology and 
Geography, National Research Council, $1.00). 

{ 


Geology of Holmes County; by George W. White. Geological Survey of 


Ohio Bulletin 47. Columbus, 1949 (Division of Geological Survey, Ohio 
State University, $2.00). 


A New Notation and Enumeration System for Organic Compounds, 2d ed:; 


by G. Maleolm Dyson. New York, 1949 (Longmans, Green and Co., 
Inc., $2.25) 


Geological Survey Water-Supply Papers, as follows: 1029. Ground Water in 
the Jordan Valley Utah—$1.50. 1030, Quality of Surface Waters of the 
United States 1945—8.60, 1051. Surface Water Supply of the United 
States 1946, Part 1, North Atlantic Slope Basins—$1.50. 1069. Public 


Water Supplies in Central and North-Central Texas—$.75. Washington, 
1949. 


Geological Survey Water-Supply Papers, as follows: 1071. Water Levels 
. and Artesian Pressure in Observation Wells in the United States in 
4 1946, Part 1, Northeastern States—$1.25; 1075, Part 5, Northwestern 


States—$.40. Washington, 1949. 


Geological Survey Water-Supply Papers, as follows: 1087. Surface Water 
Supply of the United States 1947, Part 7, Lower Mississippi River Basin 

$1.00; 1089, Part 9, Colorado River Basin—$1.00; 1090, Part 10, The 
Great Basin—$45. Washington, 1949. 


Geological Survey Bulletins, as follows: 948-C. Chromite Deposits of 

Boulder River Area, Sweetgrass County, Montana—$1.25. 955-B. Struc- 

tural Control of the Gold Deposits of the Cripple Creek, District Teller 

County, Colorado—$1.25. 960-F. Geology and Manganese Deposits of the 

Lucifer District, Baja California, Mexico. 963-A. Some Mineral Investiga- . 
tions in Southeastern Alaska—$.40. 966-C. Geophysical Abstracts 138— 
July-September 1949 (Numbers 11202-11441)—8.25. Washington, 1949. 
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Publications Recently Received 829 


Geological Survey Professional Paper, as follows: 214-D, Petrography of 
the Island of Hawaii; by G. A. Macdonald—$.35. Washington, 1949. 


Ohio State University Engineering Experiment Station Bulletin No. 139: 
Researches on Ohio Crude Oils, Part 1. Classification and Evaluation of 
Ohio Crude Oils; by E. E. Smith and L. K. Herndon. Part II. An Investi- 
gation of the Gasoline Fractions Obtained from a Corning Grade Crude 
Oil; by C. W. Conklin and T. H. Wilson. Columbus, 1949 (3.75). 


Geology and Economics of New Mexico Iron-Ore Deposits; by V. C. Kelley. 
University of New Mexico Publications in Geology No. 2. Albuquerque, 
1949 ($3.00, paper cover). 


Basic Theories of Physics; by P. G. Bergmann. New York, 1949 (Prentice- 
Hall, Inc., $3.75). 


The Dandaragan Phosphate Deposits; by R. S. Matheson, Department of 
Mines, Western Australia, Bulletin No. 4. Perth, 1948. 


Report of the Geological Survey for the Year 1945, Western Australia. 
Perth, 1948. 


Report of the Geological Survey for the Year 1946, Western Australia. 
Perth, 1948. 


Selected Invertebrate Types; F. A. Brown, Jr., Editor. New York, 1950 
(John Wiley & Sons, Inc., $6.00). 


Die Festigkeitserscheinungen der Kristalle; by H. Tertsch. Vienna, 1949 
(Springer-Verlag, $9.60). 
Geology and Ground-Water Resources of Norton County and Northwestern 


Phillips County, Kansas; by J. C. Frye and A. R. Leonard. State 
Geological Survey of Kansas Bulletin 81. Topeka, 1949. 


U. S. Geological Survey—201 Topographic Maps. 


Plant Pathology; by Sir Edwin J. Butler and S. G. Jones. London and 
New York, 1949 (The Macmillan Company, $10.00). 


Lehrbuch der Paliozoologie; by Oskar Kuhn. Stuttgart, 1949 (E. Schwei- 
zerbart’sche Verlagsbuchhandlung, $7.20). 


Author’s Guide. New York, 1950 (John Wiley & Sons, Inc., $2.00). 


Annual Report of the Board of Regents of the Smithsonian Institution, 
for the year ended June 30, 1948. Washington, D. C., 1949 (U. S. Govern- 
ment Printing Office, $2.50). 


Niagaran Reefs in Illinois and Their Relation to Oil Accumulation; by 


H. A. Lowenstam. Illinois Geological Survey Report of Investigations No. 
145. Urbana, 1949 


Directory of Washington Mining Operations 1950; by Marshall T. Huntting. 
Washington Division of Mines and Geology Information Circular No. 18. 
Olympia, 1950. 


The Physical Chemistry of Electrolytic Solutions 2d. ed.; by Herbert S, 
Harned and Benton B. Owen. New York, 1950 (Reinhold Publishing 
Corporation, $10.00). 


Elementary Pile Theory; by Harry Soodak and Edward C. Campbell. New 
York, 1950 (John Wiley & Sons, Inc., $2.50). 


The Chemistry of Industrial Toxicology; by Hervey B. Elkins. New York, 
1950 (John B. Wiley & Sons, Inc. $5.50). 
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SPECIAL ANNOUNCEMENTS 


The American Journat or Science has entered into an 
agreement with University Microfilms to make available 
volumes of the Jovrenat in microfilm form. This arrangement 
is particularly welcomed by libraries, because of the large 


number of bulky periodicals. It is possible to produce and 


distribute copies of an entire volume on a single roii, in edi- 
tions of 30 or more, at a cost about equal to the cost of binding 


the same material in regular paper edition. 


Sales are restricted to those subscribing to the paper edition, 
and the film copy is distributed only at the end of a volume 
year. 

Copies are furnished in the form of positive microfilm, on 
metal reels, properly labeled. Inquiries concerning purchase 
should be directed to University Microfilms, 313 N. First 
Street, Ann Arbor, Michigan. 


Arrangement has been made for reprinting the entire run 
of the American JovrNat or Scrence from its beginning in 
1818 in a microcard edition. Subscribers to the paper edition 
may purchase each past year in microcard form soon after the 
volume is complete. Inquiries regarding this microcard edition 
should be made to The Microcard Foundation, Wesleyan 


University Station, Middletown, Connecticut. 
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SPECIAL STUDENT SUBSCRIPTION RATES 


ECONOMIC GEOLOGY 


And the Bulletin of the Society of Economic re ci 
An international journal devoted to the field 
Economic Geology 
Edited by ALAN M. BATEMAN 
Business Editor, MorRis M. LEIGHTON 
8 issues per year 
Regular subscription rate, $5.00; student rate, $3.00 
(Canadian postage, 30c) 
Students registered in geology courses in the United States and Canada may 
send for application blank to: 


Economic Geology Publishing Company, 
100 Natural Resources Building, Urbana, Illinois 


THE JOURNAL OF GEOLOGY 
A fundamental journal of the earth sciences 
Edited by F. J. PETTIJOHN 


6 issues per year 
Regular subscription rate, $6.00; student rate, $4.50 
(Canadian postage, 20c; foreign postage, 50c) 
Special student subscription blank will be sent to any student on request to: 
The Journal of Geology, Walker Museum, University of Chicago, 
Chicago 37, Illinois 


THE AMERICAN JOURNAL OF SCIENCE 
Devoted to the Geological Sciences and to related fields 
Editors: CHESTER R. LONGWELL, JOHN RODGERS 
12 issues per year 
Regular subscription rate, $8.00; student rate, $5.00 


(Postage prepaid to the United States, The Philippines, and Central and South 
America; 35c a year to Canada; 60c elsewhere). 
Special student application blanks furnished on request to: 
The American Journal of Science, 501 Sterling Tower, 
New Haven, Connecticut 


831 


‘ 
| 
a 


— 


NEW TITLES 
on a variety of subjects 


CONSERVATION of NATURAL RESOURCES 


Edited by GUY-HAROLD SMITH, The Obio State University. With 
20 contributors. An authoritative study of the present needs and 
achievements in the field, treating each natural resource in turn—— 
soils, forests, water, minerals, etc. Sept. 552 pages. $6.00 


The TRANSMISSION of NERVE IMPULSES 
at NEUROEFFECTOR JUNCTIONS and 
PERIPHERAL SYNAPSES 


By ARTURO ROSENBLUETH, Instituto Nacional de Cardiologia de 
Mexico. Reviews knowledge of chemical transmission at the junc- 
tions of motor nerves with striated muscles and at the synapses in 
autonomic ganglia. A TECHNOLOGY PRESS PUBLICATION, M.1.T. 
Oct. 325 pages. $6.00 


MARINE GEOLOGY 


By “tt H. KUENEN, University of Groningen, The Netherlands. 
Summarizes the advances in marine geology and presents a clear 
picture of the problems and salient points still needing further 
investigation. Oct. 568 pages. $7.50 


ANALYTICAL ABSORPTION SPECTROSCOPY 


Edited by M. G. MELLON, Purdue University. With eight con- 
tributors. Covers the problems, methods, and equipment involved 
in measuring the absorptive capacity of a given sample for radiant 
energy in the spectral region of 0.2 to 25 microns. May. 
618 pages. $9.00 


THEORY of MENTAL TESTS 


By HAROLD GULLIKSEN, Princeton University. Sums up and cor- 
relates technical developments since 1900, to bring together the 
material necessary for a firm grounding in test theory. One of the 
WILEY PUBLICATIONS IN PSYCHOLOGY, Herbert S. Langfeld, 
Advisory Editor. Oct. 486 pages. $6.00 


Send for copies on approval. 


JOHN WILEY & SONS, Inc. 
440 Fourth Avenue New York 16, N. Y. 
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growth, ideas, and rusearch from a chemical viewponit. jes., 1951. 
Approx, 569 pages. Prob. $7.50 


THEORY of the 
INTERIOR BALLISTICS of GUNS 


. CORNER, British Mimnisery RY . Blends the most 
methods. Complic 


| INTRODUCTION to 
THEORETICAL IGNEOUS PETROLOGY 


The CARE and BREEDING 
of LABORATORY ANIMALS 


end Biology, With 15 contributors. Thoroughly covers the pre- 
cautions and methods of raising that produce neatly-standardized 
stock for research. Oct. 515 pages. $8.00 


APPLIED NUCLEAR PHYSICS 


By ERNesT POLLARD, Yale University, and L. 
SON, B. F. Goodrich Company. New edition expanded to i p i 
progress in the field since 1942. Gives a clear picture of prac- at 
tically all phases of nuclear physics. 2nd Ed., Dec. Approx. 346 eid 

pages. Prob. $4.00 


Send for copies om approval. 


JOHN WILEY & SONS, Inc. 
440 Fourth Avenue . New York 16, N. Y. 
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| NEW TITLES 
| on a variety of subjects | 
CRYSTAL GROWTH 
BUCKLEY, University of Manchester, England. first a7 
| 
| 443 pages. $8.00 
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CONTENTS 


Late on Lower Cameatan Formations In 
CenrraL 


Intensive Frost Action Atone Laxr Sores 
Stephen Taber 
Devonmn Microrossits, ANprews County, Trxas 
Samuel P. Ellison, Jr. and W. Turner Wynn 


Turory or Erxostonat Stores APPROACHED BY 
Freevency Disrrisvrion Anatysis. Pant II 


Arthur N. Strahler 


COMMUNICATION 


Evidence of the Taconic Sequence in the Vicinity of Lehigh River, 
Patmaylvanla George W. Stose 


REVIEWS 
Colloid Science, Vols. I and Il; by A. E. Auexanver and P. Jomwson 
Harold G. Cassidy 
Albert Einstein: Philosopher-Scientist; edited by Pavut Scuurr 
R. B. Lindsay 
Introduction to Statistical Mechanics; by W. Guawry 
Ernest CU. Pollard 
Nuclear Radiation Physics; by R. E. Lare and H. L. Axpaews 
Ernest C. Pollard 
Procedure in Taxonomy; by E. T. Scuewx and J. H. McMasrens, revised 
by A. Myaa Keew and Sremow Mutizna ..Charles L. Remington 
Earth Movements and Organic Evolution. (Proceedings of Section L, Inter- 


national Geological Congress, 18th Session, Great Britain, 1948) 
G. G. Simpson 


Theory of Hearing; by Eawesr Guew Wever .......... Talbot H. Waterman 
An Index of Mincral Species and Varieties Arranged Chemically; by Max 
Geophysical Survey of Southeastern Netherland; by L. U. pe Srrrem and 
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